ApplR. No. 10/521,171 
Amd. dated January 31, 2007 
' Reply to Office Action of July 31 , 2006 

REMARKS 

The Official Action of July 31, 2006, and the prior 
art relied upon therein have been carefully reviewed. The 
claims in the application are now claims 1-3 and 5-8, and 
these claims define patentable subject matter warranting their 
allowance. The applicants respectfully request favorable 
reconsideration and allowance. 

Acknowledgement by the PTO of the receipt of 
applicants' papers filed under Section 119 is noted. 

Some amendments have been introduced into the claims 
in order to better conform with U.S. practice. Among these is 
replacement of the "use" claim 4 with method of use claims 7 
and 8 in accordance with U.S. practice. New claims 5-8 are 
patentable at least because they incorporate the subject 
matter of the patentable claims from which they depend. 

Claims 1-4 have been rejected under the second 
paragraph of Section 112. The rejection is respectfully 
traversed. 

Respectfully, the rejection appears to be misplaced. 
There is nothing indefinite about what is covered. The 
rejection appears to focus on the breadth of claim 1, rather 
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than what it means. In short, breadth is not indef initeness , 
noting MPEP 2173.04. 

Applicants believe the claims as originally drafted, 
particularly when considered in light of applicants' 
specification (fully consistent with the law) , would not be 
confusing to those skilled in the art, and therefore the 
claims in their previous form are fully in accordance with 
Section 112. At worst, claim 1 in its previous and original 
form might possibly be considered objectionable, but only as 
to form, requiring no substantial amendments relating to 
patentability . 

Nevertheless, in deference to the examiner's views 
and to minimize argumentation, claim 1 has been amended to 
specify that the salts and solvates of the specified compounds 
are pharmaceut ically acceptable, support being found in 
applicants' specification at page 2, line 27 through page 4, 
line 10. New claim 5 is directed to preferred salts 
(chlorohydrate and trif luoroacetate salts) of the compounds of 
claim 1 (see page 4, lines 12-15 of applicants' 
specification) . New claim 6 is directed to a pharmaceutical 
composition comprising the compound of claim 5. 

The amendments are of a formal nature only, i.e. 
cosmetic amendments made to place the claims in better form 
for U.S. practice. The amendments are not "narrowing' 7 
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amendments because the scope of the claims has not been 
reduced. No limitations have been added and none are 
intended . 

As regards claim 4, it has been replaced with new 
claims 7 and 8 which are consistent with U.S. practice. 

Withdrawal of the rejection is in order and is 
respectfully requested. 

Claim 4 has been rejected under Section 101 as being 
non- statutory . As indicated above, it has been replaced with 
new claims 7 and 8 . 

Claims 1-3 have been rejected under Section 102 as 
anticipated by Martin et al , Reference AD of applicants' IDS 
filed June 22, 2005 (Martin AD) . This rejection is 
respectfully traversed. 

Martin AD is an abstract of the full text article, 
reference AE of applicants' IDS filed June 22, 2005 (Martin 
AE) . The mystery is how the abstract can disclose a compound 
which is not disclosed in the full text article, . Martin AE . 
The applicants submit that the listing of this compound in 
Martin AD is a typographical error, and therefore Martin AD is 
not proper "prior art", noting In re Yale, 168 USPQ 46, 48-49 
(CCPA 1970); applicants explain below in more detail. 
Moreover, even if the named compound were not a typographical 
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error, Martin AD still would not be valid prior art, because 
neither Martin AD nor Martin AE enable the manufacture of such 
compound . 

Applicants now explain why Martin AD is not a valid 
disclosure of the claimed compound. 

1/ Thus, MARTIN AD mentions the disodium salt of 
4 , 4 ' -dithiobis ( 3 -amino- 1 -butanesul f onic acid) as one 
potential inhibitor of zinc metallopeptidase activity of 
tetanus toxin light chain; see CAPLUS document No. 
1998:505783. The CAPLUS abstract and the article of MARTIN et 
al (Martin AE) were both cited in the French preliminary 
search report issued by the European patent Office as Search 
Administration in connection with the French priority 
application FR 0303425 (enclosed as Annex 1) . 

As shown on the Search Report, these 2 documents are 
considered as related to each other and concerning the same 
subject-matter: according to the EPO practice both citations 
are linked by the symbol «&» and coded with only one code- 
letter (left column) . 

2/ The document XP -002256500 (DATABASE CAPLUS 
Extract) , Martin AD, attached to the Preliminary Search 
Report, consists of three pages, or more exactly, of two pages 
plus one page. On the first page are mentioned: 
the title; 
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the authors ; 
the address ; 

the full biographic reference of the article. 
All these data are those of the article MARTIN et al (Martin 
AE) , document No. XP-002092584 . 

Under item AB is shown the whole abstract of the 
article, which is identical to that of the full text article 
of MARTIN et al (Martin AE) . 

3/ Thus, the CAPLUS DATABASE Abstract No. XP- 
002256500 (Martin AD) discloses the abstract of the article 
MARTIN et al . No. XP-002092584 (Martin AE) . But this abstract 
does not mention any disulfide compound : this is fully 
consistent with the whole content of the article of MARTIN et 
al (Martin AE) enclosed as Annex 2. This article (Martin AE) 
discloses monosulfide compounds as shown in tables 3 and 4, p. 
3453-3454. In particular, compound 46 is the intermediate 
monosulfide corresponding to the claimed sulfide compound. 

As indicated at p. 3458, 4 th paragraph, compound 46 
was prepared as previously described in the article of CHAUVEL 
et al. J. Med. Chem. , 1994, 37, 2950-2957 (reference 26, 
enclosed as Annex 4) . In CHAUVEL et al . , compound 46 is 
referenced as compound 22h (see table 2, p. 2955) . 
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There is no disclosure anywhere, in this CHAUVEL 
reference or in the MARTIN reference, of how to prepare a 
disulfide compound . 

4/ The last page of the CAPLUS DATABASE Abstract 
No. XP-002256500 (Martin AD) then mysteriously mentions the 
formula of the disulfide compound under CAS Registry No. 
213488-11-0. It is not apparent how the abstract XP-002256500 
may refer to a Chemical Abstract Registry Number identifying a 
disulfide compound, on the basis of a publication which does 
not disclose it , unless a mistake has been made by the 
Chemical Abstract Registry Department itself when registering 
this compound . 

Actually, it can be hypothesized that, in Tables 3 
or 4 on p. 3453 and 3454 of the MARTIN et al article (Martin 
AE) , the bond which is located on the sulur atom, and which is 
intended to embody the interaction of the sulfur atom with Zn • 
atom present on the active site of the tetanus neurotoxin, has 
been erroneously interpreted as meaning that the formula 
should be repeated twice, namely that it represents 2 units 
bonded through a S-S bridge. 

This is clearly a contradiction to the whole content 
of the article of MARTIN et al (Martin AE) . 

When a published abstract contains a cross-reference 
to its original document which is contemporaneously available, 



- 9 - 



Appln. No. 10/521,171 

Amd. dated January 31, 2007 

Reply to Office Action of July 31 , 2006 



and the literal disclosure of the abstract is inconsistent 

with the disclosure of the original document, the abstract 

should be interpreted by reference to the original full text 

article for the purpose of ascertaining the technical reality 

of what has been disclosed in the abstract. When as in the 

present case, there is a substantial inconsistency between the 

original document and its abstract, it is clearly the 

disclosure of the original document that must prevail. 

It should therefore be clear that the naming of the 

compound in question on the last page of Martin AD is simply 

an error, and thus Martin AD is not a valid reference. This 

is fully consistent with In re Yale, supra., where the Court 

stated in part as follows: 

It is our opinion that not only is the 
listing of [the compound] in [the 
reference] a typographical error but 
also this fact would be apparent to one 
of ordinary skill in the art when 
reading the [reference] . Since it is 
an obvious error, it cannot be said 
that one of ordinary skill in the art 
would do anything more than mentally 
disregard [the compound] as a misprint 
or mentally substitute [another 
compound] in its place. 

The disclosure in the original document provides the strongest 

evidence as to what has been made available to the skilled 

artesian. Martin AD should therefore be disregarded on this 

basis alone. 
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Moreover, even if Martin AD were valid prior art, 
which it is not for the reasons pointed out above, it could 
still not be applied because the mentioned relied upon 
compound is not enabled by Martin AD, as neither Martin AD nor 
the fully text article Martin AE contains any disclosure which 
would enable the person skilled in the art to make such 
compound. The Court in In re Yale, supra, continued as 
follows : 

[A "chemist of ordinary skill in the 
art"] would not get so far in the 
thought process as to determine if he 
knew how to make [the compound] , as it 
would have long since been discarded by 
him as an obvious typographical error. 

* * * 

... . The public is not put in 
possession of the compound... . 

MPEP 2121.01, on the issue of a reference which does not 

contain an enabling disclosure, states in part as follows: 

The disclosure in an assertedly 
anticipating reference must provide an 
enabling disclosure of the desired 
subject matter; mere naming or 
description of the subject matter is 
insufficient, if it cannot be produced 
without undue experimentation, 
[citation omitted] 

Applicants respectfully return to the fact that the erroneous 
naming of the compound relied upon in Martin AD is fully 
inconsistent with not only Martin AE, but also the abstract 
itself of Martin AD, neither of which enable the manufacture 
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of the misnamed compound. As stated in In re Yale, supra, the 
skilled worker, noting the inconsistency, would disregard the 
erroneously named compound. 

Withdrawal of the rejection is in order and is 
respectfully requested . 

The examiner has helpfully pointed out that 
applicants' specification does not contain the heading "Brief 
Description of the Drawing", and the examiner has requested 
correction. 

Actually, applicants' specification contains no 
headings, e.g. no heading for the Background section, no 
heading for the Summary section, and no heading for the 
Detailed Description. However, such headings are only 
optional, not required. Applicants believe that no headings 
are necessary. 

On the other hand, applicants do not object to 
headings, and accordingly authorize the examiner to insert 
headings by "Examiner's Amendment" upon allowance of the 
present application . 

The prior art documents of record not relied upon by 
the PTO have been noted, along with the implication that such 
documents are deemed by the PTO to be insufficiently material 
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to warrant their application against any of applicants' 
claims . 



Applicants believe that all issues raised in the 
Official Action have been addressed above in a manner that 
should lead to patentability of the present application. 
Favorable consideration and early formal allowance are 
respectfully requested . 

Respectfully submitted, 

BROWDY AND NEIMARK, P.L.L.C. 
Attorneys for Applicant 

Sheridan Neim^ck 
Registration No. 20,520 
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Tetanus neurotoxin is a 150-kDa protein produced by Clostridium tetam, 
Which causes the lethal spastic paralytic syndromes of tetanus by blocking 
inhibitory neurotransmitter release at central synapses. The toxin light 
chain (50 kDa) has a zinc endopeptidase activity specific for- 
synaptobrevin, an essential component of the neuroexOcytosis app. 
Previous unsuccessful attempts to block the proteolytic activity of this 
neurotoxin with well-known inhibitors of other zinc proteases led the 
authors to study the design of specific inhibitors as a possible drug 
therapy to prevent the progressive evolution of tetanus following 
infection. Starting from the synaptobrevin sequence at the level of the 
cleavage site by tetanus neurotoxin (Gln76-Phe77) , a thiol analog of 
glutamine demonstrated inhibitory activities in the millimolar range. A 
structure-activity relation performed with this compd. led the authors to 
d et the requirement for the correct positioning of the thiol; group, the 
primary amino group, and a carboxamide or sulfonamide group on the side 
chain. This resulted in the design of a .beta. -amino- (4 t 

stilf amoylphenyl) glycine- thiol , the first significantly efficient inhibitor 
of tetanus neurotoxin with a Ki value of 35 mu .M. 
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Tetanus neurotoxin is a 150-kDa protein produced by Clostridium tetani, which causes the 
lethal spastic paralytic syndromes of tetanus by blocking inhibitory neurotransmitter release 
at central synapses. The toxin light chain (50 kDa) has a zinc endopeptidase activity specific 
for synaptobrevin, an essential component of the neuroexocytosis apparatus. Previous 
unsuccessful attempts to block the proteolytic activity of this neurotoxin with well-known 
inhibitors of other zinc proteases led us to study the design of specific .inhibitors as a possible 
drug therapy to prevent the progressive evolution of tetanus following infection. Starting from 
the synaptobrevin sequence at the level of the cleavage site by tetanus neurotoxin (Gln 76 - 
Phe* '), a thiol analogue of glutamine demonstrated inhibitory activities in the mulimplar range. 
A structure-activity relationship performed with this compound led us to determine the 
requirement for the correct positioning of the thiol group, the primary amino group, and a 
carboxarmde or sulfonamide group on the side chain This resulted in the design of a /?-amino- 
(4 sulfamoylphenyDglycine-thiol, the first significantly efficient inhibitor of tetanus neurotoxin 
with a K\ value of 35 ± 5 uM. 



Introduction 

Tetanus neurotoxin "(TeNt) is . a 150-kDa protein 
produced by the anaerobic bacillus Clostridium tetam 
which blocks the release of inhibitory neurotransmitter 
in central synapses leading to a lethal spastic paralysis. 1 
TeNt is a member of the clostridial neurotoxin family, 
including seven bptuhnum neurotoxins responsible for 
the flaccid paralysis of botulism 2 TeNt is composed of 
a heavy chain of 100 kDa linked by a disulfide bridge 
to a light chain of 50 kDa The heavy chain ensures 
the binding, internalization, and retrograde axonal 
transport of the light chain into the neuronal cytosol. 3 
The light chain possesses proteolytic activity and cleaves 
specifically VAMP/synaptobrevin,' 1 an integral mem- 
brane protein of small synaptic vesicles, 5 " 'which plays 
a critical role in the neuroexocytosis apparatus. 8 " 10 TeNt 
belongs to the M27 family of Zn 2 T-metallopeptidases n . 
which contains the HEXXH consensus sequence, found 
in the majority of zinc endopeptidases, where His 5 ? 3 and . 
His? 37 aire myolved in zmc cJielato and Glu 23 ^ in the 
catalytic process 12-15 Abolition of any enzymatic activ- 
ity by double mutations of Glu^^-Glu 271 Suggests that 



A possible role of Tyr 2 ^ as an ad&tibnal ligand; 1 ^ hke 
in the family of metzincms, 17 has also been proposed 
The proteolytic activity of tetanus neurotoxin has been 
shown ito be directed; toward syjiaptobrevin only at its 
GlhTPhV 7 peptide bond 4 Such a narrow specificity, 
not 'common forimetallpprotea_ses r has recently been 
explained by ah allqsteric-like mechanism for TeNt. 
Indeed, the binp^g ofvboth an acidic (S 27^55) and a 
basic (S ; [824:93:). domain of synap&hrevm- to; tetanus 

* To whom roriesponderra should be addressed Tel: 133)1-43-25- 
50-45. Fa*: (33 J 1-4 .3-26*9-1 8. . , "V- 1 ■ " 



toxin "exosites" is required to induce the conformational 
change switching on its proteolytic activity 1819 (Figure 
1A) 

At the present time, there is no effective drug therapy 
to prevent the progressive evolution of tetanus or 
botulism following intoxication or infection. For these 
reasons, we identified die inhibition of the proteolytic 
activity of tetanus neurotoxin as a possible strategy for 
treatment following toxin exposure. Potent and selec- 
tive inhibit^ activity have yet 
to be obtained. Strong chelating agents specific for 
divalent metallic cation bke . EDTA or 1 10-o-phe- 
nanthrolirie^ 0 " 22 give a weak protection against this 
toxin at millimplar concentrations Potent blockers of 
zinc peptidases such as captopril, thiorphan, and phos- 
phorarnidon have no inhibitory activity in vitro 21 ^ or 
ex vivo 22 Moreover, various synaptobrevin-denved 
peptides spanning the sequence surrounding the scis 
sible bond failed to antagonize tetanus neurotoxin 
proteolytic activity even when tested at concentrations 
up to 1 mM 4 » 

•With the aim of designing the first selective inhibitors 
of TeNt t we began this study using the only available 
clue concerning the preference of the catalytic site' the 
synaptobrevin sequence at the cleavage site (QAGASQ/ 
FETSA) (Figure IB) Starting with synaptobrevih- 
denved peptides containing a tluol group as a zinc 
ligand, a significant inhibition in the 250 uM range was 
obtained. An extended structure-activity relationship 
analysis on this compound reyealed^jthe requirement 
and the position of a primary armno group, the nature 
of the. zinc chelating group; and* the? nature and the 
lengthm the aminp^thipl side chain .Finely; a ^aminp- 
.pneTOl^ycine^thidl substitu^ 
\'a ;suife and -shown to 

: ii^bit/TeNt m^'a^'y^l^'^|s/itt. This molecule 
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— Gin- Ala— Gly - Ala— S#r- Gin Phe — GUi — Thr— Ser— Ala- 

71 72 73 74 75 76 77 78 79 BO 81 

Figure 1. (A) Schematic representation of VAMP/synaptobrevin II. TMR indicates the transmembrane region and IR, the 
intravesicuiar region. The cleavage site Gln^-Phe 77 is indicated by the arrow. Domains 27-55 and 82-93 represent respectively 
the acidic and basic clusters whose binding to tetanus neurotoxin is required to switch on its proteolytic activity. tB) Human 
synaptobrevin II sequence surrounding the scissible bondi The side chains of the different, synaptobrevin residues are putatively 
Ith sulfites of the catalytic domain of TeNt designated S,-S* at the left of the cleavage bond and S rb s at the 



interacting, with i 
right, respectively. 

is the first described relatively potent inhibitor of 
tetanus neurotoxin. . 

Results 

Chemistry. The various thiol-containing pseudopep- 
tides 1^-5 spanning; the putative S'i-S'5 subsites of 
TeNt active site (Table 1A) were synthesized by coupling 
the different tettapeptides with the racemic (2S/?)-3- 
(acetylsuifanyj^ acid as described in 

the Experimental Section. 

The thiol den 12 (Table IB) and 14 (Table 

2) encompassing the putative subsites defined as Si - 
S5 of TeNt active domain were pbtained as aisulfides 
by coupling vanous protected amino acids or peptides 
with the ^ glutamine thiol synthpn 13 as described in 
the Experimental Section Hie synthesis of 13 (Scheme 
1 ) was achieved by using the commercially available 
Bpc-LGIn(Trt) OH After reduction of the a-carboxy- 
late, 24 a nucleophilic substitution of the hydroxy group 

Scheme 1. Synthesis of the Glutamine Derivatives 0 




a (a) NMM./BuOCOCl. NaBrU; (b> PPhj. ('PrN-fc. CHiCOSH; 
id NaOH. U; (d) TFA; (e> BzlONHa;* BOP; DIEA; (O H2. PoVC; (g) 
iCWittO-BF*. :AcOH; (h) NMM; iBuOCOCl. CH2N2; (i>'Ag 2 0, 
NaiC03,NaiS 2 0 3 , H 2 d. ■ % " ' - 



by potassium thipacetate (via the Mitsunobu reaction) 25 
gave a thioester group which was deprotected in alka- 
line conditions A selective deprptection of the Boc 
group led to the synthbn 13, whereas ^ammorglutamine- 
thiol 12 was formed by cleavage of both the Boc and 
tntyl groups with trifluoroacetic acid 

The different compounds described in Table 2 repre- 
sent derivatives of glutamine or glutamate bearing 
vanous zinc-coordinafang entities (SH, COOH, CON- 
HOH, or PQ3H2) Compounds 12-19 were Synthesized 
following the protocol shown in Scheme 1 Compounds 
37-39 were prepared as previously descnbecL^' 28 The 
hydruxamate derivative 15 (Table 2) was synthesized 
. fr^^-L&ft 
subsequent deprotection Compounds 17 and 18 were 
obtained by the same route as 12 and 15 (Scheme 1) 
using the intermediate compound 16, which has been 
obtained previously by Arndt-Eistert homologation of 
Bdc LGln(Trt)-bH 29 : : 

Compounds 40-53 (Table 3), 54, and 55 (Table 4) 
were prepared as previously described 27 - 30 ^ 1 

Scheme 2 depicts the synthesis of compound 24 (Table 
4), the sulfonamide analpgvie $t ^^the Miutamine-thiol 
derivative The disulfide group of the N and C- 
protected DL homocysteine 20 was oxidized by chlorine 

Scheme 2. Synthesis of the .Sulfonamide Derivative 0 
a.b 




SOaNHtBu 



(20) 



(21) 



I- 




SCOCH, 



SQiNHtBu 



• (k) BzIOCOCl, NaOH; (b) CHjN 2 ; (c) Cl 2 , MeOH, CCU; id) 
?BuNH 2 ; fe) NaBK»; (0 PPha, CPrN-h, CHaCOSH: <g> NaOH; (h) 
TFA; (i) HF. " " 
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to give the sulfonyl chloride, 32 which was subsequently 
treated with terf -butyl amine to form the /ert-butylsul- 
fonamide 21. The carboxylic ester of 21 was therefore 
transformed into the corresponding thiol derivative 24 
via the alcohol 22 substituted by potassium thioacetate 
to give 23 and fully deprotected by saponification and 
cleavage with trifluoroacetic acid and anhydrous hy- 
drogen fluoride in succession. 

Scheme 3 shows the pathway used for the preparation 
of the m-carbamoyl analogues of /^phenyjglydne-thiol. 
Starting from 3-cyanobenzaldehycle, the Bucherer-Berg 
reaction 33 gave the o>amino acid, which was protected 
to give 25. The a-carboxylic ester was reduced to the 
corresponding alcohol, whereas the aryl ester, after 
saponification; was transformed to the carboxamide 
derivatives 27a,b. The replacement of the hydroxy 
group by potassium thioacetate led to the thiol mhibitors 
29a f b as described above. 

Scheme 3> Synthesis of the 

p Amino (4-carbamoylphenyl)glycme Derivatives' 1 

"' ,obbe • 




COOB 



(2*a);R«H 




BocNJ 



SCOCHj 



CON(R3» 



d.h.ly^L I.J 




COOH 



CONfRfe 



(29M>) &**P) P7«*»>) 

><aiSOCI 2 . EtOH; (buBochO. N£t 3o (c) NaBIU id) NaOH: (e) 
mm. iBuifcdC}, ira^.^e^NMM; ^BuOCOCI, <CH 3 )2NH 2 ; (fi 
CH 3 SOzCi NE^ fgi^HsGOSK .;<h);fc-(i> HCI. 

Scheme 4. Syn thesis of the , 
/9-Amino-<4-sulfamoylphenyl)glycme Derivative 0 



SOrNHBzr 




SOpNHBZl 



: .« (ai BilNHi; 'fb>"*IMM, /BuOCOCl, NaBH^ (cl.DMSO, iGOClb, 
' -NEti;idH pli ^rofflj.^KGN^A^H; <e) HCi^Me6H;*(0 AhibeHite 
120; MeGH: Vgl-Na'BRi ;3SC1; (K) PPhi ('PrN^fe CH 3 COSH; fi) 



For the synthesis of the (3-sulfamoyI phenyl )gly cine 
inhibitor 36 (Scheme 4), the commercially available 
3-<chlorosulfonyl)benzoic acid was transformed into the 
benzylsulfonamide analogue; subsequent reduction of 
carboxylate led to the corresponding benzaldehyde 31. 
A modified Strecker reaction allowed compound 32 to 
be obtained. This compound, treated successively with 
HCl-saturated methanol and Amberlite IR-120 in re- 
fluxing methanol, yielded the desired amino ester 33. 
The subsequent steps of the synthesis, similar to those 
described in Scheme 2, gave the corresponding ^-amino- 
thiol 36. 

Inhibitory Properties. Enzymatic studies were 
performed using the fluorescent synaptobrevin deriva- 
tive [Pya^JS 39r8S as substrate, according to the 
protocol described by Solheihac et al 34 The various 
pseudopeptid^s 1^11 (Table lA^B), derived from syn- 
aptobrevin sequences at the cleavage site, did not inhibit 
or gave weak inhibition of TeNt activity at 1 m$L 
whereas the ^-amino-glutamme-thiol 12, which is hy 
pothesized to interact with the Sj subsite, completely 
mhibited the peptidase action of TeNt at this concentra- 
tion.' : 



Table 1. Exploration of the Catalytic Active Site of TeNt 
Light Chain with Various Thiol-Cpntainmg Pseudopeptides 
Putati vely Minuckihg. Synaptobrevin S Y~S& Binding Sites (Ai 
and-Sj-Se Binding Sites (B) 



H H ? 

S, \is sv 
Zn 2 * 



-Gjn- 



HS, 



rite Tr.Set — Ala— 



. innlb at 



HS. 



HS, 



HS, 



^Phe^Gtu^--71ir— Ser—Ala^OH 0 
^eCEr^Ala — Tnr— Ser— AlarOH 0 
VPhe— Pne— Thr— Ser— Ala-OH 0 
^•Ph f — - Gin— ^ Thr—Ser -rAla-OH 0 
VPne^OH .0 



B 



-.si- $5 s 4 Sj 
-Gfci— Ala— -rGIy-rrAla — Ser— Gin 



H H . : 
S, \ \/ S\ 



8 Ac-Gln-Ala— Gly-r-Ala— Ser^Sla^^ 

7 H-.Phe— SiS/ 

- * « SH 

9 H-Val—-£~ C 



10 
11 
12 



H-Lys^fijfc 
H-Ser-Jk : 



« - ■ SH 
' -CSI . . 



o 
30 

• is 1 ; 

16 

1 ? 
ioo 



HS, 



^Phe- 



.— Gin^ 



CH 2 -CH— CO- 

conh, 
-n-w-chT SH 

H <S) ■ ■ 
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Table 2. Comparison of Inhibitory Potencies of Various 
Glutamint and Glutamate Analogues Containing, as a Zinc 
Ligand. a Thiol. Hydroxamate. Carboxylate, or Phosphonate 
Group: Importance of the Amine and the Chelation with Zinc 



R,-CH-R 3 X 







R,-CH 










(S) 














inhib at 


no. 


Rj 


R* 


R* 






H 2 N 


CONH 2 


COOH 


0 


19 




CONH 2 


CHzCOOH 


70 


15 


HiN 


CONHj 


CONHOH 


0 


18 


H 2 N 


CONHj 


CH2CONHOH 


0 


17 


H 2 N 


CONHj 
CONH 2 


CH^HzSH 
CH2SH 


0 


12 


HjN 


ioo 


14 


AcNH 


C0NH 2 


CH2SH 


M2 


37. 


HiN 


COOH 


CH 2 SH 


65 


38 


(I^elHN 


COOH 


CH 2 SH 
PO3H2 


0 


39 




COOH 


0 



Qn the basis of this result, various derivatives of 
glutamirie bearing different functional groups capable 
of chelating the zinc atom of TeNt L-cham were tested 
As reported in Table 2 , the change of the position of the 
sulfanyl group in 17 strongly decreased its inhibitory 
effect as compared to 12. The and y-hydroxamate 
analogues 18 and 15 did not inhibit TeNt activity at 1 
niM Interestingly, a 70% inhibition was pbserv^swith 
1 miM /?-ammo-homoglutamine 19, while 1 mM L- 
glutannne was inactive T^e ? phpsphphate 39^ was a 
poor inhibitor. Thus, the sulfanyl group at the ^-posi- 
tion represented the best to obtain signifi- 
cant inhibitory effect toward TeNt. " 

The need for a free primary amino group was inves- 
tigated by introducing either an acetyl (14) or a methyl 
■<38> group on the ^ ^a^ho-glutainme^ 
thiol 12.0^ 

An almost complete abolition of any inhibitory effect was 
obtained with these modified corn pounds (fable 2), 
/;Fmaliyrvariou3 fi amino-thiols differing in their side 
chain structure were studied in order to explore the Si 
subsite specificity of TeNt (Tables 3 and 4). As shown 
in Table 3, the length of the .aliphatic .side : chains .'does 
not seem . to be very important, with only a shgnt 
.preference for an ethylene linker (compare 12 to 40) 
The charged or polar groups such as ~C0 2 ~, -SOj , 
-NH3 + , or -CONH2 are more favorable than -PO3 2 " 
for TeNt inhibition, and the chirahty of the a-carlion is 
unimportant (compare 37 to 41 and 42 to 43) The cyclic 
or aromatic sidechainsare poorly recognized (compound 
48) except when they are substituted at a meta position 
by a charged group (compound 53) In Table 4, the K t 
values : of ^selected inhibitors are reported, and these 
indicate that a sulfonamide substituent is. preferred in 
both linear (K\ - 100 //M) and aromatic {K{^ 35 £tM) 
side chains 5 : ' v \ * 

Di^ussipii* ' ■ " "*.;.. f 

The;sequence of synap tpbreyin ,at the C-termi hiis of 
the s^sib^:^nd ^TSAV^uUltiy^ . . 
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Table 3. Exploration of the S t Subsite of TeNt Light Chain 
with /J-Amino-thiols Having Various Aromatic and Aliphatic 
Side Chains 

S, H " •> S', 
! 

R S 0 

e \ / 

H 3 N - CH - CH 2 
(S)or(R) 

inhib at 



no. config side chain 10"* Mt^* 



12 


(S) 


R = -<CH 2 >2-CONH 2 


100 


40 


iS) 


R = -fCH 2 b-CONH 2 


75 
65 


37 


(S) 


R - -(CH 2 )2-C60H 


41 


\R) 


R = -<CH*VCOOH 


73 


42 


(S) 


R = -(CHzb-COQH 


92 


43 


iR) 


R ■ -(CH 2 )rCGK>H 


69 
70 


44 


iS*R) 


R = -<CH 2 VeOOH 


45 


tS) 


R = 4CH 2 h NH 3 r 


90 


> 46 




R =MCH 2 >2-SONa 


,100 


47 


iSXR) 


R = 4CHih 


46. 


48 


iSXR) 


R - -CHa-Ph 


b 


49 


(SVRY 


r= CH^COOHJPh 


30 


50 


iSKR) 


R = -CH^4 COOHicHex 


62. 


51 


(SKft) 


R = -CHH3 COOHkHex 




52 


(5K/2) 


R=M4£60H)Ph 


-0 


53 




R~-t3-CGbH)Ph 


100 



S'i-S's subsites of TeNt active site, was modified by 
substituting the ammo-terminal group by a sulfanyl- 
metHyjene'gnroup, which isj-i^V^.-.^P.^ a highly potent 
zinc ligand. For the five analogues described in Table 
LA, no activity was. detected -even at ,a . raillimolar. 
concentration oiT inhibitor This is an unusual result for 
a zinc endopeptidase, as for most other enzymes of this 
group, the introduction of a zincrcpordinating group on 
molecules able to interact with at least one subsite pf 
the catalytic domain has given lead compounds, which 
Have fen J further.; ojptimized by structurej-activity . 
relationship analyses to give efficient inhibitors 27 3135-36 
For instance, for angiotensin-con verting enzyme (ACE) 
and for nepnlysin (NEP), the sulfanyl analp^es pfiPhe-. 
Trp and Phe-Leu had inhibitory activities in the micrpr 
mqlar range 37 - 3 ^ y .. 
. The peptide sequence of synaptobrevin at the N- 
terminus of the scissible bond (AGASQ), putatiyely 
interacting' with the cprTes|wnch^ of Tel^t 

active site, was also modifiiedfiy subsfa^mg^t^ 
terminal by a sulfanyl-methylene group (Table IB). 
Weak ."activities .} were^pbseryed^ 
dipeptidef while the^-a^no^gluiiajniinerthiQl 12 gave 
.:c^a'i>lie(t4 ^inliiBi Hon v.at . mM; OFurther;^^^M|nts 
determined a K t value of 250; «M foV this ^compound 
(Table 4) Such types of'inhibi^r^ajre well-tepWn itp 
irffibit .efficiently ^ahundpeptidase 
^'an^no-^lutemate-thiol, ^amm(>met^gnin and 
^ aminOrlysine- thiol have jRTi values ran^r^g from IO3 J 
to io-^M for aminopeptidase Ai? amindpeptidase N, 31 
and ammopeptidase B;?? r^pectiyely. Given [ the strict 
en^p^hidase ^ jch^nicter ; ^of jbetanus vneufotosaiip, this 
finding was quite su^nsing . Neye'rtheless,, the require- 
ment of a free pnmary ^ aprimo^group, commpn for 
aminopeptidase sujBs^ates or, inhibitors, was<further 
yenfied for ITelJt^by. intTOdic^T;an acetylM4)/or a 
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Table 4. Exploration of the TeNt Light Chain Si Subsite with Various frAmi no- thiols 0 
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(12) 



(37) 




(54) 



COQH | 

CH-CH2 
(S) 

SQaNa 1 
H2^CH-CH 2 
SO,Na 1 
/— CH — CH2 

SOjNHj , 
HaN-CH-CHj 



250 ±35 



800 ±50 



3001 W 



500145 



100 ±5 



(53) 



(20a) 



(28b) 



(55) 



(36) 




HzN- CH-CH a 



CONHa 
I 



HjN-CH-CH 2 



CCHSKMeh 
1 



>SOjNa 



SOjNH; 

1 



Kl(jiM) 



250140 



125125 



250145 



4015 



3515 



H2N— CH-CH2 



• The A- values are the mean ± SEM of three independent experiments performed in duplicate. 



methyl (38), which almost. completely abolished inhibi- 
tory activity (Table 2). The requirement of its correct 
positioning was also verified with compound 54 by 
introducing a methylene between the primary amino 
■ group and the ■ ^carbon of the thiol leading to a 
significant decreasetm inhibitory efficiency (Table .4). 
This is unexpected- for a strict endopeptidase Two 
hypotheses could account for this behavior: (1) either 
an accessible glutamate (or aspartate) stabilizing this 
pnman amino group by formation pf hydrogen bonds 
^present in the active site of the enzyrne, as demon- 
strati for APN: 4 ? or (ii) these inhibitors bind the zinc 
lon as bidentates involving both sulfanyl and amino 
groups 

The next step in tins study was to optimize the nature 
andthe positioning of the zuic. chelating group.. The 
suifanvl group was found to be the most potent, as 
compared to other well known zmc hgands such as 
hy&oxamates, carboxylases, and phpsphonates (Table 
2) Tfcis was not^ex^ g"> u P 
is one of the most efficient zinc hgands ■ : . 
■ Finely, to improve the^affirn^es £-amino- 
thibls for TeNtthrough efficient mtei^tion? with.the 
putative ^iv-^site, ' y andus . cpmpjo^^^ 
^thesized^id s&died iii 

ti'd^ iniibibon 26 27 and havmg diferent side chains 
haveTbeen^ 

if can be concfu^ed that thVb^Jn^aAons with:the 
Si s^site are^bbt^ined N&'hxd|ip^gP^^. 
bearing acid or amide moieties in the following decreas- 
ing order : of. ^fica^y S0 2 NH 2 > 'S®$ST>' CQl^t >. 
C0GH: r>rth(ermore f thes« : £uncdonaI>gro.ups 'Have 'to 

BNSTXX3D:"<XP * 



be preferentially in y positions of linear alkyl side 
chains, or even better in the meta position of a phenyl 
ring The conformational restnction imposed by the 
phenyl nng, as compared to the linear alkyl chain, 
suggests a/ particularly well-fitted interaction in this 
case, between the acid or amide functional group and a 
putative hydrogen gW*P ^s^ in ^ 

Si subsite of TeNt. . Moreover, inversion of the absolute 
configuration in 41 and 43 (compare respectively to 37 
and 425 does not seem to.be important in terms of 
inhibitory potency 

In addition, unlike most of the endopeptidases studied 
such as NEP, AGE, thermolysm, E C 24-15, and E C. 
24-16, TeNt does not recognize hydrophobic side chains 
.- at the Si subsite 

In (inclusion the present study is a preliminary step 
toward- the characterization of the active site of this new 
type of zinc endopeptidase and the design of potent, and 
selective inhibitors of TeNt These (lata demonstrate 
the crucial role 1 of the Si subsite m the active site cleft 
of TeNt, which seems to have some analogies with the 
Si subsite of acidic amihopeptidases.such asarmnppep- 
tidase A, althbugh it is well-known that TeNt does not 
have-any arnmo^ l^ st™^ 1 ^ - 

activity ^elalbnslup analysis .i^rraedi on ^yersely 
subs^tuU^ enseal 
ration of a s^u%nyl,"a pnrnj^ ^nino ^roup, and a 
sulfonamiae moiety for TeNt inhibition This led to the 
desi^^ 

whMwith a^^vahie of 35^M Tirst d^cTibed 

relatively, efficient in vitro,i^b|tor;of Te#0.ro^OT.c 
activity: : Cell culture experiments are. how in progress 



ji-Amino-thiols Inhibit Zn-Metallopeptidase 

in our laboratory in order to determine the membrane 
permeability of these £-amino-thiols. To be efficient in 
vivo, these inhibitors should be capable of entering the 
neuronal cytosol to inhibit the proteolytic activity of the 
toxin at its site of action. 

Experimental Section 

Chemistry. High-performance liquid chromatography 
iHPLC) grade solvents and solvents were from Solvants 
Documentation Syn these <Peyp in en provence, France*. Fmoc 
amino acids, solvents, and other reagents for solid-phase 
peptide synthesis (SPPS) were obtained from Perkin-EImer. 
Chromatography was carried out with Merck silica gel Si 60 
i40-63 jim/. TLC was performed on silica gel (60 F 254, 0.2 
mm thick; Merck). The final products were purified on an 
Applied Biosystem 151 A HPLC apparatus with a C w Vydac 
(ref 2178TP510) and acetonitrile gradients performed with 
buffers A <H 2 0. TFA 0. 1% (wV)) and B < CH ? CN/H 2 0 (7:3), TFA 
0.09% (v/v)). The absorbance of eluted peaks was monitored 
at 214 nm. The purity of the final compounds was also checked 
bv.HPLC using a reverse-phase column (Nucleosil, Cia, 150 x 
4-6 mm, 5 iiro.100 A:. gradient 10-90% B in 30 min, flow rate 
0.8 mL/min) with, the same elusion buffers- 

The structure of all the compounds was confirmed by l H 
ViViR spectroscopy on a Bruker AC 270-MHz or Bruker AM 
400-MHz spectrometer in DMSO^s or CDCI3 solutions (5 x 
10~ J M) using HMDS as internal reference The signals are 
described as s (singlet), d (doublet), t(tnplet). q (quartet), m 
iroultipiet), and br (broad). Satisfactory elemental analyses, 
performed at the university of P & M Curie Pans VI (Jussieu. 
Pans)- were obtained <C. H, N) for all compounds. Mass 
spectral analyses for all the anal compounds were achieved 
bv Quad Service (Poissy. France) using the electrpspray 
ionization technique (ESI) Optical, rotations were measured 
on a Perkin Elmer 241 polarimeter (10-dm cell) . for MeOH 
solutions at 20 ?C [a| 0 values are given in units of 10~} deg 
cm s g" 1 Melting points of the crystallized compounds w ere 
measure^! on an electrothermal apparatus and are reported 
uncorrected 

Abbreviation Pya, phenylalanine 

General Procedure for SoUd-Phase Peptide Synthesis. 
Protected peptide assemblies were earned out in NMP using, 
either Wang/HMP resin or 2-chlorotntyl chloride resin on a 
ABI 431 peptide synthesizer (Perkin Elmer) using the Fmoc/ 
tBu strategy Fmoc . deprotection -was achieved using 2(r?c 
piperidine m NMP Residues were coupled with 10-fold molar 
excess 0 Fmoc amino acids using standard activation by DCG/ 
HOBt in NMP With HMP resin, the first amino acid could 
be coupled io the .HMP resin by using DCC with DMAP 
catalvsis whereas the loading.of 2-cludrptntyl chlonde resin 
was performed by usmg DIE A in dry CH2CI2 The amino acid 
side chain protecting groups used were'2,2,5 J : 8 penUmeth 
vlchroman 6-sulfonyUPmc) for Arg; Trt for Asn, Gin, and His 
Boc for Lvs tBu for Asp/ Glu, Ser, Thr f and Tyr For HMP 
resin'cleavage a^d peptide de^ 
weie treated byT^A/HiO/tnisop'ropy^ 
2 5). for 2 h at room temperature 41 42 For fuUy protected 
peptide cleavage from 2^hlorbtntyl chlonde resin the^dry 
peptidyl resins were stirred for 4 h with TFE/CHaClj.^iS): 43 

Preparation of HSCHrCH(.CH J Ph)-CQ-NH-CH(Rl)- 
CQ.TO^r-Ala-0H (Compounds ^ .The various pep- 
tidyl rains were! prepared according to the sphd phase peptide 
synthesis 'procedure at a SO^inol scale; on HJVIP. resin using 
• ^K)-3^acetylsuif^^ acid in the last 

coupling step. This synthbh was prepared, as previously 
de&ribed.t < v : 

To. deprotect the thiol group, the -c^de^ 
dissblve'd'iri degassed MeOH (2 mymrnol) under .inert atmo- 
sphere ' and. 1- N ' NaOH (3\equiv) w^>:dded : at 0 9 C... The 
mixture^ was stirred for 3 h at room temperature. After 
acimficatiohVwith HC1 (2 N), the. organic^layers were evapo- 
ratedrcUTuted in H26, and extracted wjUi degased EtOAc. The 
organic layers were washed with HjO and brine, dried over 
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Na*SO„ and evaporated to dryness to obtain the different 
compounds SH-free which were purified by HPLU. 

R, = .CHt-CHtCOOH (1): retention time =14.6 and iza 
m *A. B)(Nudeosil.C l8 . 150 x 

10-90* B in 30 min. How rate 0.8 naL/min <26^ yield , n 
NMR <DMS<W« + TFA) 6 1.00 r ? H. d. C^Thri^ ^\a5 
d. CH^Ala,). 1.74 (1H. m. CH/KGlui). ^%^^ C ^L%\' 
2.20 (2H t, CHyiGlu)). 2.38-2.74 (4H. m, SH: CH ^£^£-^' 
2.85 «2H dd, CH 2 Ph). 3.58 (2H. m. CH,*Ser^3 9M lH ^ 
CW(Thr)).4.10-4.40(4H.m.CHciAla, 
CHatGlu,), 7.03-7.20 (5H. m. Ar). 7.60 (A) 7.70 B U 1H d 
NH(Thn). 7.82 (1H. m. NHCSer.). 8.00 UH. m, NH(Ala)), 8.16 
lA) 8.23 (B) (1H. d, NHfGlul). 

Rl = -CH3 (2): retention time = 1" ™in ft B ^tt 
C,s, 150 x 4.6 mm, 5 urn, 100 A; ^^^^DMSol - 
mm. flow rate 0.8 mIVmin)<40* ^ , ^jR^f^o- 
TFA) 6 1.00 (3H, d T CHyiThr)), 1-20 (3H l. d C »^ a p ^'f 58 
2 72 (4H, m. SH, Ctf 2 S, C//CH.S). 2.88 (2H, dd. Ctf.Ph U 3^58 
(2H, m. CH#Ser». 3.97 (1H, m. ^(Thr)) 4^9-4.36 4H, 
m CHa( AUVcHaiThr). CHaiSer), CHai Ala)) 7.06- /.23 (5H. 
m Ar,. 7.60 (A) 7.70 (B) (lH. d. NH(Thr)), 7. /8 UH, m. NH- 
(Ser)K S.OO (lH; m, NH(Ala)), 8.11 (A) 8.22 (B) (1H, d. NH- 

(A r! K - -CH z Ph (3): retention time = 21.4 ."« n ^ 
(NucleosU, C l8 , 150 x 4.6 mm. 5 «n. NmI 
B in 30 min. flow rate 0.8 niL/minM34% y*W>. H. W^ 
(DMSO^-TFA)dl.00(3H,dCH^ 

(Alan. 2.40-2.80 (4H. m. SH. ^ A ^ e ^ H 3 ^?Vl5 
CH.Ph.; 3.60 (2H. m, CHftSerU 4 00 (-Arm. ZWTgfr ^ 
(irf. m. CHa(Ala)). 4.30 (2H. ^. 
(1H, m. CHa(Phe)), 6:91-7.25 (SH, m t ArUWaiJg 
tThr)). 7,90 (1H, m, NH(Ser)). 8.03 (lH t m, NH(Ala)), 8.26 UH, 
d,NH(Phe)). s ... 1Qil ^ U o 
Ri = -CH2-CH,-CONH t (4): retention time = 

muvU BHNVdeosil 150 x ^^^^^m 
10-90* B m 30: min, flow rate 0,8 mLTnnn (38% TO _ H 
NMR + TFA) 6 1 .OO^H. d. ^W^g" 

2 10 (2ft U CH/(GIn)). 2.33-2 72 C4H, m.SH, WAW^^ 

CHckGlnJ), 7.06-7.21 (5H. in, Ar). 7,67 (A) ^7.81^ (?) UH. d. 
WThrKTMlH, m. NH(Seri). 8.05 (1H, m, NH(Ala», 8.22 
(1H. d; NH(iGluj). . : 

(5). aadl 
was prepared as previously described.^ A ^_ri„ 
Pr^p^onqfSvtnme^c V^f^n^^Br 
CHife6^)^H^ (6-1 1), The various protecedec^ 
merlially avadable Bocrm^^C^ *j 
protected peptide Ac GlnCTrt) Ala Gly^a^er(^u)OH^n 
thesized according to the general procedure: of sohd,ptose 
p^ide synthesison ^hlordmtylch^ 
bks^etnccfeiu^ 

2 (i^feBbP as couphng agents The Vr^^P^^ 

2 5) for 2 h at room temperature as previously described 
and purified by HPLG. 

= 8^ mihiNucleo^l.C s . l50 x 4.6 mm, 5 «m, l^A;^em 
i0™&m&*ti flow rate CJgJ 
^(DMSO^)di.l7(.6H,(L2 x Cf^Alai) 
mVCH^Gln)). 1.68-1.84 (2H. m. CMGln)) J* 
c6> Vll5V2;05 (4H. : m, 2 x CH^Gln)), £74 (2H , m GJWK 
3^3-7- (4H. ml CH^GKM and 

CSCH^).V4,1-4.25;.(4H. m. CHoCPln). CHa(A!aV^HmAlai 
ahdCHca&rr),6;70(2H,s,CO^ 

(~1H s CONH 2 ). 7.63 (1H. d. NH), 7.87K1H, d. -NH>, 7^5 (2H. 

R 2 ^,;CTiPn : (7): retention time = ^ «og 
Cs. 150 x 4.6 mm. 5^m, 100 k gradient ^O-^B ip 30 min, 

L75.(2H..m, CHj^Gln)). 2.05 (2H. m. CH 2 ylGln)). 2.6 l.H> 
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(2H, dd, CH 2 S), 2.9-3.05 (2H, dd, GrY 2 Ph), 3.9 (2H, m, CHa- 
(PheJ and CHa(Gln)), 6.75 and 7.15 (2H. s, CONH 2 ), 7.1-7.3 
<5H, m. Ar). 8.1 (3H, s, NH 3 *), 8.4 (lH, d, -CONH-). 

Ra = -(CHjJjCOOH (8): retention time = 6.64 min (Nucleo- 
sil, C fl , 150 x 4.6 mm, 5 fim, 100 A; gradient 0-40% B in 15 
min. flow rate 0.8 mUmin) (36% yield); J H NMR (DMSO-rfs) 6 
1.6- 1.75 (2H, m t CH^Gln)). 2.1 (4H, m, CH 2 y(Gln) and CHjjS- 
(Glu». 2.3 (2H. m, CH 2 y(Glu)), 2.8 <2H, dd, CH2S). 3.95 (2H, 
m. CHafGIu), CHa(GIn)), 7.95 UH. d, -CONH-), 8.25 (3H, s, 
NH 3 *). 

R 2 = -CH(CH3)j <9): retention time = 14.18 min (Nucleosil, 
Cfi, 150 x 4.6 mm, 5 /mi, 100 A; gradient 0-40% B in 15 min, 
flow rate 0.8 ml/min > (40% yield); *H NMR (DMSO-rf 6 ) 6 0.85 
(6H, m. CH30K 1.4-1.8 (5H, m, CH^Gln), CHztfLeu), and 
CH/(Leu)), 2.05 (2H, t, CH 2 y(Gln», 2.7-2.9 (2H, dd, CH2S), 
3.6 ( 1H, m. CHa(Leu)), 3.95 (1H, m, CHa(Gln». 6.7-7.15 (2H, 
s, CONH 2 ), 8.1 (3H. s, NH 3 U 8.35 (1H, d, -CONH-). 

Rt = -(CHt)4NH 2 (10): retention time = 3.26 min (Nucleosil, 
C St 150 x 4.6 mm, 5 ^m. 100 A; gradient 0-30% B in 15 min. 
flow rate 0.8 ml/min) (29% yield); ! H NMR (DMSO-a* 6 ) 0 1.3- 
1.8 (8H. m. CH^Gln), CHzflLys), CH 2 y(Lys), CHgdCLys)), 2.05 
(2H. t. CH 2 y(GIn)). 2.7 (2H. m, CH*(Lys)), 2,7-2.9 (2H, dd, 
CH 2 S), 3.65, 3.95 (2H, m, CHa(Lys) and CHatGln)), 6.75-7.2 
(2H, s. C0NH 2 ), 7.7-8.1 (6H, s, NH 3 T and NIV(Lys)), 8.4 (1H, 
d, -CONH-). 

Rj = -CH 2 OH (11): retention time = 5.15 min (Nucleosil, 
C 6 , 150 x 4.6 mm, 5 urn, 100 A; gradient 0-30% B in 15 min, 
flow rate 0 8 ml/min) (33% yield), ?H NMR (DMSOd 6 ) 6 16- 
1.75 (2H, m.GH^Gln)), 2.05 <2H, t, CH 2 y(Gln)), 27-2.85 (2H, 
dd CH^X 3 55>(1H1 m, CHoiSer)), 3 7 (2H, m CH^Ser)), 
3 9 <1H m. CHa(Gln)), 5 45 (1H, m, CH 2 OH), 6 7-7 15 (2H, 
s, CONH2X 8 05 (3H. s. 8.3 UH d, -CONH-) 

Preparation of 5£ (D isulfiuiediyl)bis[(4S)4^anim 
tritj^ejaiana^ 

4-aminopen tan amide)] (12)* The carbo^yhc and function 
of (4S)rBocGln(Trt}-OH was transformed into alcohol by 
formation of the^mixed anhyilnde with isobutyl chlproforma^ 
in DME at -15 °G followed by a reduction with sodium 
horohydnde as previously described 24 yielding (4S)-4-<Boc- 
amiho>-5>hydroxy~i^ white solid (70% 

yield ) Tmt^cetylatidn of this compound was then performed 
by a Mitsunobu reaction 2 ? to afford (4S)-5-(acetylsulfanyl)-4- 
(Bpc ammo W th^pentana^ as. a white sphd (40% yield) 
Deprotectioh of the acetyl group was achieved by using 1 N 
NaOH in methanol at room temperature for .3 h, and I 2 was 
then added until a persistent yellow color was obtained. The 
excess, of iodine was r^ucedjby^^Oa,; and the solution was 
evaporated in vacuo The aqueous residue was acidified with 
2NHC1 to pH 2^3 and extracted with EtOAc After classical 
workup 5.5j^disulto 

pentanamide] was obtained as a white solid (87% yield) 

To a solution of 5,5Mdisulfariediy] )bis[(4S)-4-(A r -Boc : amino>- 
N-trityJpentanamide) in acetic acid was added 6.5 equiv of 
boron mflunride;diethyl . etherate 46 After stimng for l.h, the 
mixture was : treatediwith a solution of-NrLOH (28% ) the pH 
was adji^S^ 
extract W 

bnne. dned over Na 2 S0 4 , and evaporated in vacuo to afford 
o^o^disutfane (13) 
(825 yield) retention time = 24 3 nun (Nucleosil, 018. 150 
x 4 6 mm. 5 urn, 100 >A; r gradient 0-90% B in 30 minT'flow. 
rate:;if5 mL/min) l H NMR (DMSO^e) 6 1 8 (2H, m./CH&),. 
2 V 4 (2rL m CH 2 y), 2 95 (2H S m, CH 2 S), 3,15. (1H, m, CHa), 
7 15 M5H m, Trt), 8 30 ( 3H, s, NH 3 V ), 8 65 ( 1H s 0 CONOTrt); 
(d] D = -r82 0 (c0 87, MeOH^ SM (ES) (M H- H>* m& = 780.3 
Anal (CiHwNfC^S) 

5^DisulfanecUyl)bis[(4SM 
amide) was treated by a TFA/H^tnisopropylsilane mixture 
(92 5/5/2 5) for, 2 h ai room temperature as previously de- 
scribed 4142 5,5^DisuJfanemyl)bisI(45^ 
(12) 'was thus obtained as a yellow oil by precipitation . in 
diethyl ether/hexane ( 1/1 ) (98% yield) retention time == 9 97 
min (Nucleosil, C18, 150 x 4 6 "mm 5 100 A; gradient 
0£4p£,B;in 15 min, flow rate 0.8 mLtoin); l H NMR (DMSO- 
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dfi) 6 1.8 (2H, m, CH^). 2.2 <2H, m, CH 2 yJ. 2.9 (2H, m. CH 2 S». 
3.3 (1H, m, CHaJ, 6.9-7.4 (2H. s, CONH 2 ). 8.1 (3H, s, NHfi; 
SM (ES) (M + H)* mfz « 295.2. Anal. (CoH^N^OA). 

5^'-(Disulfanediyl)bis((4S)-4-(acetylamino)pentana- 
midel (14). (H2N-CH(CH 2 CH 2 CONHTrt>-CH 2 S}- 2 (13) was 
coupled to anhydride acetic acid in DMF with 2 equiv of DIEA. 
The AT-tritylamide was deprotected as previously described 41 - 42 
and purified by semi preparative HPLC on a C 18 Vydac column 
(29% yield): retention time = 10.37 min (Nucleosil, C 18, 150 
x 4.6 mm, 5 /*m, 100 A; gradient 0-40% B in 15 min, flow- 
rate 0.8 ml/min); »H NMR (DMSO-d 6 ) 0 L5-1.7 (2H, m. 
CHzA 1.7 (3H, s, Cf/ 3 CONH), 2.0 (2H t t. CH 2 y), 2.75 (2H. m. 
CHS). 3.85 (1H, m, CHa), 6.66 (lH, s, CONH 2 ), 7.2 (1H. 5. 
CONH 2 ), 7.7 (1H, d, CH 3 CONr7). 

(2S7-2-AminCHA^-hydroxypentaxiedi amide (15). BocGLn- 
(Trt)OH was coupled with benzyloxyamine hydrochloride • 1 
molar equiv) using BOP as coupling agent 45 to afford (2S)-A n - 
benzyloxy^Boc-aminol-iV'-tritylpentanediamide: [ah = -17.8 
(c 0.95, MeOH) (91% yield). 

The benzyl protecting group was cleaved by hydrogenolysis 
with 10% Pd/C as catalyst to yield (2SV2-(Boc-amino >-A n - 
hyoVoxy^Ttritylpentanediamide, and the trityl group was 
cleaved as previously described 41 - 42 to afford (2S)-2»amino-A n - 
hydroxypentanediamide (15) (36% yield): R f = 0.23 in pro- 
panol-2Ml40H/H 2 6 (7/1/1); >H NMR (DMSO^s) 6 1.55 (2H. 
m t GH^HzCGNHz), 2.01 (2H, t, CH^CO^l 2.56 (1H, m. 
H^NCH), 7.00 (1H, s, CONHa), 7.34 (1H, s, CONH 2 ), 7.73 (3H. 
br s. NH3*), 8.90 (iH, s, OH), 10 64 (1H, s, NH); SM (ES) (M 
+ H) + m>fe = 162 0. Anal. (CsHulNsPs), 

(3S)-3-(Boc ammo)-6-oxO'(tritylammo)hexanoic Acid 
(16)= To 0 5 M (5 KBocGln(Trt>-OH m TOF was added A r 
methylmorpholme (11 molar equiv), followed by isobutyl 
chloroformate (11 molar equiv) at -15 3 C After 20 nun of 
sturing at this temperature, the white precipitate was filtered 
off and washed with THF To this solution was added an 
ethereal solution of diazpmethane (2.0 molar equiv), and the 
yellow reaction m^tum;stir^..at.r^pm temperature during 1 
h After evaporation of the excess diazomethane and removal 
of the solvent under reduced pressure, the cUazoketpne was 
taken up in EtOAc, washed with bnne, dried oyer Na 2 SQ 4 
and concentrated under reduced pressure The crude diaz 
oketone, dissolved in dipxane was gradually added into a 
stimng mixture of A&O (0 18 eqmv), anhydrous NalCOa (0 96 
equiv), Na^S^a 5H 2 G (0 ^3 equiv), HjrQ heated at 50 e C. After 
1 h at reflux, the reaction mixture was cooled, diluted with 
water, filtered, and extracted with three portions of dietlivl 
ether The aqueous phase was .acidified with KHSO< (1 N), 
extracted with ethyl acetate, washed with bnne, dried with 
Na 2 S0 45 arid evaporated in vacuo (75% yield); R f = 0 57^111 
AcEt/CHiCll (l/3) J H NMR (DMSO^ d 133 (9H, s, tBui 
1.39-1 58 (2H,m; CHiCH^ONHTrt), 2 16-2.27X4H, m 0 Wr 
GONHTrt andCHirCOOH): 3 69(lH;ra- BocNHCfl); 66l (lH. 

- d^BocJV^, 7i06^7;25 (15H, m;:Trt), 8.50 (1H; s,NHTrtK 12.1 
(1H br s. COOH) t SM (ES) (M + H) + m/z = 503 7 Anal 
(C^H^ 2 05) G, H. N 

6j6;»(jpjsul*^ecbyDbisC(4S)^"amm 
This compound was synthesized from 16 using the procedure 
described for compound 12 (9*% yield): ?H NMR (DMSd^f e 
+ TFA) d 1 .90 . (2H, ni, C^GHzGO^), .; 2 ; 30 (2H; X CH 2 - 
CONH2Y, 2 90(1H ABX J= 16,6 Hz, CH&h 3.08 (lH. ABX 

- J h 16 6 Hz- CH 2 S) ; 3 44 (1H : m BocNHCH), 8 03 (3H, br s. 
Atf/ 3 + ), SM (ES) (M -f H)* rrifz = 323 7 Anal {CnHxtf&zSzl 

X3S}^Axnino^ hydbrp^h (18). This com- 

pound was synthesized from 16 using the procedure described 
for compound 15 (33^> yield) *H NMR ( DMSO^) d 1 68 (2H. 
m. CH 2 ^H 2 CONH 2 ) 2 26 (2H; t, Ci/iGONH 2 ) : 2 40 (2H C t, Ci/r 
COlfflOH) r 3.30 (lH m, ht^Cffl t 7.12 (lH,s, CONHi). 7 60 
(1H s, C0NH 2 ) e 7 84 (3H. br s s NHs") 8:92 (1H. s, OH), 10 66 
(1H. s, NH), SM (ES) (M -r H) + m/z = 176 0 Anal. 

(CfilTilNipi). J..'.; -\. ' ■ V ; 

• ■ (3S)^AniUio-^xo-^ Acid (19). This com- 

pound was obtained by deprotection of the tntylamide of 
compound 16 as previously described 41 - 42 (92% yield): R f = 0 34 
m^prop^ol-^jr^OH^^:^ 'H mfR (DMSO^s) 6. 1.73 
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c2H, m, CH2CH2CONH2), 2.15 (2H f t; CtfjCONH 2 ), 2.57 (2H, 
ABX</ = 16, 6 Hz, CHjCOOH), 3.35 (lH, m, BocNHCtf), 6.86 
1 lH, s, CONH2), 7.33 (1H, s, CONH 2 ), 7.86 <3H. br s, NH^Y, 
SM (ES) (M + H)* m/z = 161.3. Anal. (C^H^NjOa). 

4,4MDisulfanediyl)bis(methyl (2S£)-2-(Cbz-amino)bu- 
tanoate) or DL~<Z)-Hojnocy$tine-OMe (20). This compound 
was synthesized as previously described 32 (96% yield): Rf = 
0.46 in AcEt/CHjCh (1/9); l H NMR (DMSO^e) 6 1.83-2.09 
<2H. m, OT 2 CH 2 S). 2.68 (2H, t, CH£), 3.58 (3H, s, COOC/fj). 
4.13 (1H. m, CJYCOOMe), 4.98 (2H, s, CH 2 Ph), 7.28 (5H, nu 
Ph). 7.75 (1H, d, B«l OCOMf). Anal <C*Hj2N 2 0«S2J C, H, 
N. 

Methyl (2SfiM-(terf.Butylsulfamoyl)-2'(Cbz-ainino)- 
butanoate (21). To a cold (0 e C) solution of (ZMiomocystine- 
OMe (20) in MeOH (0.7 nilVmmol) arid CCU (3.5 mymmol) 
was bubbled Cl 2 (gas) for 1 h 32 in order to obtain methyl (2SR> 
24Cbz-amino)^chlorosulfonyl)butanoate. To a solution of 
the latter in CH 2 C1 2 ( L8 mlAnmol) was added ^-butylamine. 
After evaporation and classical workup, the residue was 
purified on a silica gel columh,. using cHex/CHjCl^tOAc (5/ 
3/2) as eluent (77% yield* R f = 0 42 m AcEt/OH 2 Cl 2 (1/9); l H 
NMR (DMS(W 6 ) d 1.18 (9H, s, tBu) 0 188-2.13 (2H. m, CHr 
CH^OzNH), 2 85-3 10 (2H, m t CKjSOjNH), 3.58 (3H, s, 
COOCtfj), 4.21 ( 1H, m, CHCOOMe), 4 99(2H,s, CH 2 Ph), 6 86 
UH, s, NHtBu), 7 29 (5H, in, Ph), 7.85 UH, d, BzlOCOitftf). 
Anal. (C, 7 H^|),C,SfI. 

(3S# )-AT-f err Butyl 3«<Cbz-a^ 
sulfonamide (22). The N-protected amino ester 21 (1 equiv) 
was dissolved in EtQB^^ (1/i). NaBft (4 equiv) was added, 
and the mixture was heated at 50 °C for 6 h The reaction 
was stopped with! N H^and the mixture was extracted with 
EtOAc After classical .workup), (&R}rN t&7buty\-34<?bz- 
ammoM-hydroxybu^esuuonamide was obtained (74% yield) 
/?, = 0.18 in MeOH/CH 2 ei 2 (4/96)^H NMR (DJ^O^j d 1 20 
t9H s, tBuj 1 64rl 99 (2H, m> Ctf^HiSOzNH), 290<(2H t, 
CrY 2 SO2NH),3 30 (2H t m/OTjOH), 3J50 (lH/ m, CHCH 2 OH), 
4 72 (1H t, CH|Ofl\ 4 97 (2H dtG&Ph), 676UH, s, NHtBu), 
7.11 (1H, d,BzlOCOJv7/) 7;29(5H;m, Ph); Anal (CieHajNzOsS) 

ch. n. ' ' : ' , ;. v - : :- ! - ; '-"; .//\y::\^;j;;: : S' v ':::-' . 

(3Stt) AT^r* Butyl=3«(Cte^ 
tanesulfonamide (23). The thioacetylation of (3SH)-AT-ierf- 
butyl-3^ebz-amino)-4-hyd^xy^tenesulfonaniide was then 
performed by a Mitsunobu reaction? 5 to afford (ZSRhN-tert- 
butyl-3-(Cbz ammo)^acetylsuUanyl)butanesulfonamide as a. 
white solid (60% yield): 0.24 in EtiO/cyclohexarie (75/25); 
^ NMR (DMSO^fe) 0" 117 (9H; s, tBu), 170-1.90 (2H, m, 
CH^2&&H)-2 28 (3H, s^SeOCW); 2:82;(lH; : ABXV = 
13 6 Hz, GHGrYjSCOCHa), 2-89 :(2H, t, Ctf^NH), 303C1H, 
ABX J = 13 6 Hz CHCftSCGGHa), 3 60; ClHv m ; GifGHr 
SCGCH3) 4.98(2H, s, CH 2 Ph), 6 80 (1H, s.SOa/vW). 7 29(5H, 
m; Ph), 7.37 HHrd, ;^GOAW). Anal: (CisH^Os^) C, 

H. N •• - 

(^i?)-3-Ainino^s^^ The 
deprotection of the sidforsyl grou^w^.^i%rniel|' r as described 
for com^uhds 1-5, Then the cleavage of the tntyl group 41 42 
was followed By HK ti^atmenL 47 ( ZSR^S- Am\no-4 -sulfahylbu- 
tanesui foharii ide ;(24) was thus obtained as a-yel lb w : oi I (98% 
yield) «R NMR <M^^^^;mi 0 m . CHtCH^NHt), 




V^bi^piethyl" (Bpc-a^iho)-(3-cai^xyphe^ 
(25>-VDi-^3^arooxypReny^ prepared as previously 
described. 27 was refluxed in EtOH with 5 1 equiv of: SOCl 2 
1100%) The resulting compound was N-protected by. a ten- 
butyloxycarbonyl group with a procedure previously de- 
scribed 4 ? toYpb^n;p^ie^^;;(fiM 

gtycinate 125) ;using"Soc^, : :i^ % .= 

0 61 in EtOAc^ieptahe ( 1/1);- J H NMR (DMSO-^e) d 1.07 (3H. 
t c GHiCOOCHiCrTj); l^iS (3H V t^C^COGCH^Hj), 1^3 (9H S 
s, tBu); 4.04 (2H; q," GHGOGC>fj~CHa); 4i27 (2H; q; Gsft- 
COGC/YiCHa), i5:22 (1H, drGHGbOiCH^CHa). 7.46 (1H. t, Ar), 
7.60 (1H, d; : Ar) r 7.85 (2H; d, Ar and Boc/VH); 7;93 (1H, s, Ar). 
Anal. (C^zsN^C. H. N; • "■ i* 
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3-t(25J2)-2-(Boc-arnino)-l-hydroxyethyllbenzoic Acid 
(26). The a-amino ester 25 ( 1 equiv) was reduced in dry EtOH/ 
THF (8 miymmol) at 0 °C by NaBH* (4 equiv) and LiCl (4 
equiv) as previously described. 49 This compound (1 equiv) was 
dissolved in MeOH (2 raL/mmol), and 1 N NaOH (3 equiv J was 
added at 0 °C. After classical treatment. 3-[(2Sfl)-2-(Boc- 
amino)-l-hydroxyethyllbenzoic acid (26) (83% yield) was ; ob- 
tained: R, « 0.58 in CH 2 a^MeOH/AcOH (9/1/0.5); l H NMR 
(DMSO-de) o 1.30 (9H, s, tBu). 3.45 (2H, m. GK 2 OH), 4.51 1 1H. 
q, CtfCH 2 OH), 4.27 (1H, br s, CHiQH). 7.30 i lH, d, Bodvm 
7.37 (1H, t, Ar), 7.47 (1H, d, Ar). 7.75 (1H, d. Ar), 7.83 (1H, s, 
Ar). Anal. (CiiHisNO*) C, H, N. 

Preparation of 3^(2SJ?)-2*(]^-ajnino)U-hydroxyeth- 
yllbenzamide (27a) and 3-[(2Si?)-2-(Bk>c-aminoM-hydrox- 
yethyll-Ar^V^iimethylbenzamide (27b). To a cold (-15 'C) 
solution of 26 (1 equiv) in DMF were successively added 
AT-raethylmorpholine (1.1 equiv) and 'BuOCOCl (1.1 equiv). 
After 15 rain, the precipitated iV-methylmorpholme hydro- 
chloride was removed by filtration. For preparation of 27a, a 
solution of NH3 (2 M) in DME (60 equiv) was added at -15 
"C For preparation of 27b, a solution of cUmethylamine (3 
equiv) and tnethylamine (3 equiv) in DMF was added at -15 
°C In both'cases .the mixture was stirred at room temperature 
for A h- After evaporaUon in. vacuo, the residue was washed 
with H 2 0 and bnne, dried over NaiSO*, and evaporated in 
vacuo The product 27a was purified by flash c^motography 
on a silica gel column; using CH^^eOH/AcOH (9/1/0.5) as 
eiuerit (46% yield) R f = 0;37 in GHiCWeOH/AcOH (9/1/0 5); 
»H NMR (DMSO^f 6 ) d 131 (9H, s D tBu), 3 45 (2H, t, CH2QH), 
4 50 "UH. q, CHCH2OH), 4 77 (iH/t^Q^OrT), 7.20 (1H, d. 
BOCNH), 7.28 (lHi s, COM 2 ), 7 32 (1H , d. Ar). 7 36 (lH, t, 
Ar) r 7 67 (1H, d: Ar), 7.76 (lH, s, Ar), 7 87 UH, s, CONH 2 l 
Anal (Gi*H2oN 2 0 4 ) C, H, N 

The product 27b was purified by flash chromatography on 
asiiica gel column using CHiCl^eQH/AcOH (9/170,5) as 
eluent (68% yield) R f = 0 60 ih;CH 2 Cla^;tO Ac/AcOH (9/1/0.5); 
l H NMR (DMSO-ds) 6 1 32 (9H; s, tBu); 2 85 (3H, s, CON- 
{Ctt*)CHA 2 93 (3H, s, CGN(CHj)GH3), 3 45 (2H ? d,.C^0H), 
4 50 (1H m, GHCH2QHX 7 17-7 $4 (5H, m, Ar and BociVH). 
Anal (deHi^N^) C, H, N. . 

Preparation of 3-[(2SiJ)a-(Acetylsulfanyl)-2-(Boc-ami- 
n6)ethyl]benzajmide (28a) and $^iZ$Rhl'(^ty\svU&' 
hyl)-2*{Boc-ajn^o)ethyU-N^-6^ (28 b). 

The free hydroxy compound 27a (respectively 27b) ( 1 equiv) 
was dissolved m DMF (0 2 mmbl/mD- then TEA (2.7 rnolar 
equiv) and methanesulftnyl^chloricie were-add^^at - 10 ^G: 50 
The reaction mixture was stirred at room temperature for. 3 
h, The DIVIF was eyai^ted^and the residue was taken up 
in EtOAc and treated by classical workup/ T6: a so^tiwi'of 
the mesyiate (1 equiv) in DMF (5 mL/mmol) was added at^O 
°C 3 e^uiy of pot^ 
at room temperature-aid eyapor^^^ 

was taken up in EtOAc, washed with water and bnne, dried, 
and evaporated in vacuo. ' . 

Compound 28a R f = 0.21 in n 'hept^e/EtOAc/AcPH (5/ 
5/0 5) (71^ yield), i HNm<bMS0.^ 6 ) 6 1 2?,(9H s ( tBu). 2.27 
(3H, s, SCOe/fjX 2 97 (1H del CHoSCOCU^), 3 15 (lH dd, 
CH&COCHz), 4 54 (lH r q, CHCHzSCQCHa), 7 33 (1H. s, 
CONHi^ 36 (IHX Ar), 7 42 ( 1H; d; 7 5^ ( lH, d, BociW, 
7 70 (lH; d?Ar);7 80 (1H, s, Ar), 7 93 UH, s, CQNH2I Anal 
(CieH22N 2 0 4 S ) C, H, N; V • % '.'.'V- V \ \ . ... 

Compound 28b: R f = 0.21in n-heptane/EtOAc/AcOH (5/ 
5/6:5) (38% jaeld); l H 6X30 (9H; s, tBu), 2 : 28 

(3Hr s, -SCO^)^ 2:&3-(3F^ 

CON(Ci/jX:H3). 3.00(iH,ddV : CH 2 SCPGrU), 3;i5(lH,dd; CH2- 
SCOCHsX 4 54 (1H, m, GHCHiSCOCHa); 7 19-7:38 (4H, m. 
Ar), 7.53 ;(lH,;a/BocNH>: Anal;"{Ci^^ 2 0^);C, H, N. 
: Preparation of 3^-[(I>i5utfane^ 

e^y!ene)]bis(benzamide) (29aJ l anti 3^-[(Disulfane^yl> 
bist$SR$2.am i noe.thylenc)liris(^ 
amide) (29b);? l^protectibn of the acetyl and Boc groups of 
compounds 28a:b was obtained as^escnbed for compound 12. 

(6^ ^eid);'JH l^(DMS^^ m;,CHiS), 4.50. 
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(1H. ro, OTCHzS), 7.43 (lH t s, CONH 2 \ 7.46 (1H. t, Ar), 7.56 
UH. d, Arj. 7.85 <1H, d, Ar). 7.99 <2H, s, CQNH 2 and Ar). 8.58 
f3H, br s, NHf)\ SM (ES) (M + H> + mlz = 391.6. Anal. 

(C ia H22N402S2). 

Compound 29b: R f = 0.33 in 2-propanol/NH4<)H (9/0.5) 
(52% yield); »H NMR (DMSO-<fe) 6 2.82 (3H ? s, CON(CH 3 )- 
CH 3 \ 2.92 (3H, s. CON(Ctfj)CH 3 ), 3.23 (2H, m, CHS), 4.49 
( 1H. m. CtfCHjSX 7.33-7.50 (4H, m, Ar), 8.50 (3H T br s, NH 3 *J; 
SM (ES) (M + Hr m/2 = 447.5. Anal. (QaHao^C^). 

Preparation of 3-(iV-Benzylsulfamoyl)benzoic Acid 
(30). To a cold (0 °C) solution of 3<chiorosulfonyl)benzoic acid 
(Aldrich) in CH 2 C1 2 was added benzylamine (3.5 equiv). The 
mixture was stirred for 30. min. After evaporation in vacuo 
and acidification with KHSftt (1 ^D/the. aqueous residue was 
extracted three times with EtOAc (95% yield): R f = 0.38 in 
toluene/AcOH (17/3); l H NMR (DMSO-cfc) 6 3.97 (2H; d, CH 2 
Ph). 7:13-7.24 (5H t m, Ph), 7.63 (1H, t, Ar), 734 (IH, d, Ar), 
8 08 (lH, d, Ar), 8.26 OH, s f Ar), 8 29 (IH, t^SOaAW), 13 4 
UH. brs. CQOH). Anal (C^isN^S) C, H, N. 

A^Berizyl^formylbenzenes (31). The car- 

boxylic acid function of 3 WrOenzylsiifam^^ add (30) 

was tra^c^eii into i alcohol tootta^ 

ethyl )benzenesulfonamide by formation of the mixed anhydride 
wi tK ispbvityl chlorbforr^ te in DME at -15 fC followed by a 
reduction with sodium borohydnde asjpreyiously described 24 

/OA CTC' in nisi V- - Qniorn 'rtVirle+irtT^i >nnr .Vvra Y~fW<^r**>. aA, untV, n .klJl IZTO 



foxide (3 j^uiv) diluted wit^ After 5 min 

at -78: 9 C ! was added alspluuop of alcohol (1 equiv) in CH 2 C1 2 



(96% yield): R f = 0.31 in EtOAc/cyclohexane (3/7); J H NMR 
(DMSO^fc + TFA) 6 3.82 (2H, t, CH-jOR), 3.96 (lH. t, CHCH+- 
OH), 4.05 (1H, t t CHiOH), 3.98 <2H, d, Ctf,Ph), 5.35 (1H. s 
Ph(Ph)C/m). 7.03-7.62 (15H, m, 3 x Ph) and (2H, m. An 
7.80 (IH, d, Ar), 7.87 (IH, s. Ar>, 8.17 (IH, t, NHBzl). Anal 
(CjaHzsNzO^S) C, H, N. 

Preparation of MBenzyl-3-[(2SK)-Macetylsulfanyl). 
2-[(diphenylmethy])amino]ethy]]benzenesulfonamide 
(35). This compound was prepared from 34 according to the 
procedure described for 23. The product was purified on a 
silica gel column using Et 2 0/cyclohexane ( 1/9) as eluent (43^ 
yield): R f = 0;36 in EtQAc/n-heptane <3/7); 'H NMR (DMSO- 
d 6 + TFA) d 2.10 (3H. s. SCOCH.,), 3.39 (lH, t. CHCH- 
SCOCH 3 ), 3.80 (IH, ABX J = 12.4 Hz, CHCH*SCOCH 3 ), 4.16 
(IH, ABXJ = 12.4 Hz, CHCJftSCOCHs), 4.00 (2H. s. CH.Phi 
5.31 (IH, s, Ph(Ph)CHN). 7.05-7.54 (20H, m, 3 x Ph) and <2H 
m, Ar), 7:82(1H, d, Ar), 7.92 : (IH, s, Ar), 8.16 (IH, t, AWBzli. 
Anal. (CsoH^QsS^ C, H, R 

3-[(25/?)-2-Amino-l-sulfanyIethyllbenzenesulfona- 
mide (36). This compound was prepared from 35 according 
to the procedure described for 24. The single modification was 
that ; HF cleavage was run at room temperature: retention time 
= 18 4 min (Gjs Nucleosil column, O— 80% B in 30 min, flow 
112 ml>mm); 

3 04 (2H, m, CH*SH), 4 42 (ia m, OTCHjSH); 7 42 (2H. s 
SOjsNHr), 7 62 (2H, s, Ar) 7 80 (lH s, Ar), 7 90 (1H C s, Atl 
8.50 (3H, br s. NHS). SM (ES) <M ^ Hr m/z = 233 0. Anal. 

impounds 37,2 s 38, 27 39» 40 T 26 41, 27 42, 26 43,* 44 » 45 * 



with dimethyl sulfoxide (3 equiv); stirring was continued for 46 26 47, 26 48, 31 49, 27 50, 27 51, 27 52, r 53^ 54, M and 5S 53 were 
an additional 15 min. Trie^thylamme (5 equiv) was added, and prepared as- previously described. 



the mixture was stirred for 5 mm and then allowed to reach 
roomt^ classical worl^p,;^ 

benienesulfonamide (96% yield) was obtained ( 31 ) R/^QAS 
in tbluene/^GH C17/3), *H NMtf (DlfeO^)^()0(2H, H, CH 2 
Ph), 7 18 (5H, br s t Ph j, 7:74 MH, t, Ar), 8 02 (IH, d, Ar), 8.08 
( IH. d, Ar), 8.20;(1H, s, Ar), 8.35 (WIVSO2NH), 10.03 (IH, s, 
CHO) Anal. (CnHuNOsS) C. H, N 

A^Bein^lj^(SJ^(o^ ) amino] -cyanome- 

thyljbt^nzenesulfonamide (32). To absolution of aldehyde 
31 O equiv) and KCN (1.01 equiv) in freshly distiliated MeOH 
were added aminddipKenylmethane {1.15 equiv) and acetic 
and 1 2.3 equiv) The mixture was stirred at reflux overnight. 
After evaporation in vacuo; the residue was puniied by flash 
chromatography on- a silica gel. column, using EtOAc/cyclo- 




Inhibitory Potency. Enzymatic studies were performed 
usmg thej^fludres^nt synaptobreyin denyative(Pya?3S 39-88 
as a substrate according to the protocol described by Solheihac 
et al., 54 with slight modifications; 250 ng of TeNt : L chain 
(Pasteur. Me>Tieipc,\Franc^ the proce- 

dure of Sol^ibac et al was preincubated for 30 rain at 37 
C C with increasing concentratiohs of inhibitor in 90 uL of 20 
mM Hepes, pH 7.4, lOO niM NaGl/l -mM dithiothreitol. A 
10 «L solution of 100 wM fRva^JS 39-88 in buffer was then 
added (10 ^M; final concenj^Sbni*^ mixture was kept 
for 60 min at 37 °C m the;dark. The reaction was stopped bv 
. adding 50yiLof 0^2 IvI HCl. : v ; v=;. ; •". \ ' V- ■ V - ' - 
. The fluorescent cleavage product was separated from the 
fluorescent substrate by^yers^phase HPLC. on a Nucleosil 
C & column (300 A, 7 //m, n 70 x 4 ram) with a LC 10AS 
Shimadzu apparatus and quantified by a RF-35 Shimadzu 
fluonmeter detector (on lineUexcitation 343 nm ; emission 3 7 7 



7.50 (15, m, 3. x Ph), 4 7.58 (IH, t, Ar). 7 72-7.74 (2H; m, Ar), 
7:93 (IH, s, Ar), 8.24 (IH, t, NHBzl). Anal. (CjsH^CWC, 

AT^ri2yl-3-l(Sft) [(dipheny lmethy !)aminol-(methoxy- 
carl>pnyl)in^thyl]bex^ The nitrile 



[(2S>? )-2-[(diphenylmethyl )ami nojethanami d o jbenzeriesulfbn- 
_ amide. ' : -The^caTbQxa.imde : . was^^ 



The :pr6d uct was recpvered by cpllecti rig^e;resin; in a ^column 
and eluung slowly with a mixture of MeOH/NEt 3 (2/1) as 
eluent/67& yield): R { = 0 52 in CHzGl^MeGH/AcOH^ (9/0.2/ 




(G^H^jO^S) A :^N V .;C calcd ;69 58, fted^/70JDl^ : 

yethyl)j^n»^esuVon (34). ^ducbon of ester of 33 

was ^pe^formed ^ing 7 ^th^ ;pro^4?^^^ s i^^l */°r .com^uhd ■ 
■ 26 49 T^^rob^ct w flash chromatography on a 

silica gel cSumnV-using Et6^cyclohexane":(i5/85) as ehiSnt 



\iunKv : : r;; : V.- ; ^ --.p)r. .■<*-';v ;. -. '» V"i-**\ 

. . The elution buffers used were A (H 2 O r TFA 0 05^: (\/\l) and 
: BTOH 3 C^/H 2 0 (9;1 y/v), TFA d fefe,(v/v)) The metabobtes 
were eluted with a gradient of 28-509f in B for 2 5 mm at a 
flpw rate of 1 inX/nun; followed by a gradient of 50-100^ in 
B for.O 5^min and isocratic at 1005& of B for 2 min. Intthese 
conditions, the retention •tim|s'--of . . the vfi^resc^nt/ cleavage/, 
product and the flnoresoent siibstrate peaks were respectiveh 
3 4 and 5 7 mm 
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Aminopeptidase A (APA) is a highly selective peptidase, which cleaves the N-terminal Glu or 
Asp residues of biologically active peptides, and has therefore been proposed to be involved in 
angiotensin II and CCKs metabolism. Highly potent and selective APA inhibitors are 
consequently required to study the physiological regulation of these two peptides. Using, as a 
model; Qlu-thiol (4-ammo-5-mercaptopentanoic acid), which was the first efficient APA inhibitor 
described but is however equipotent on APA (0.14 /M) and aminopeptidase N (APN) (0 12 
/iM), s.eyeral /?-amino thiol inhibitors have been synthesized. In these molecules, the length of 
the side, chain was varied and the carboxylate group of Glu-thiol was replaced by other 
negatively charged groups, such as phosphpnate, sulfonate, hydroxamate, and tKipl The 
W^M^?^ nc y of one of these compound 

was found to be nearly 100-fpld better for APA than for APN, with an affinity (0.29 uM) almost 
eqmyalent to that of 61u-thiol. Hence, this compound is the first selective APA inhibitor 
repp^ol, and as such, it should be an interesting probe to explore the phy^dogicai iivorvement 
of APA in the metabolism of neuropeptides like angiotensin H and CCK^. 



Introduction 

Aminopeptidase A (APA, glutamyl aminopeptidase, 
EQ 3 4,11 7) is thought to be responsible for the trans- 
formation of angiotensin H to angiotensin HI, by 
hydrplyzing its N-termmal aspartyi residue 1 * 2 The 
enzyme is highly selective for acidic amino acids 3 and 
is also probably involved in the metabolism of other 
peptides containing an N-terminal Asp or Glu residue, 
such as CGKi 4 ^ Aminopeptidase N (APN, EC 34,11.2) 
see^tp]^ 

by cleaving its N-termmai arginyi residue, 6 and has 
been proposed to sequentially degrade CCK 7 4 r The 
relative physiological importance of peptides issued from 
angiotensin I processing in the central nervous system 
is controversial, but there is increasing evidence that 
angiotensin HI is a crucial component of the brain renin 
angiotensin system. 2 ' 7-9 : However, in ^pticjergic; cas^ 
cades, \vhere dWerent peptida^e^^seo^entia^y release 
different putative active ligands from a single inactive 
precursor, the jkey to analy2?ing the various steps is to 
possess highly specific and potent inhibitors of L each 
enzyme. The pharmacojo^cal measured in 

the presence of selective inhibitors can then be un- 
equivocally related to the physiological action of toni- 
cally released peptides, as demonstrated fprthe opioid 
peptides, enkephalins, and the atrial natriuretic peptide 
(for a review, see ref 10) For the renm 'sigiotensin 
system, this strategy was attempted but the inhibit 
used did not have the necessary selectivity Thus, the 
two inhibitors that have been most commonly used for 
APA and APN inhibition are amastatin and bestatin, 

*cTb. whbm TOi^poniience should ;be addressed. Tel: (33)^3-25- 
50-45. (&X4&26$£l8. , ' 

• 1 Ifejyersit^.Ren^'De^rtes. . '. 
"*Col|ege r de Enmcfe/* - 

*Umversity of New York. ■ 

* Abstract published in Advance ACS Abstracts, August 1, 1994. 



respectively f 811 However, although amastatin was 
initially described as a specific APA inhibitor, 12 it is in 
fact more potent on APN and is even a tetter inhibitor 
of the latter enzyme than bestatin 13 wtiuh is a non- 
specific inhibitor of various ammppeptidases 14 

APA and APN are two enzymes belonging to the 
family of zmc. metaUppeptidases^ with significant 
homologies m their ammo acid sequences 17 " 21 ? and 
similarities in then- physical properties 21 ^ I4ke neu- 
tral endopeptidase 24: 11 (NEP) 15 and angiotensin con- 
verting enzyme (ACE), 23 APA and APN are character- 
ized by a large glycosylated extracellular domain which 
contains the active site On the basis- of the structure 
and mechanism of, action of the zinc metanopeptidase 
t ^ e r^y^i 2 ^ Efficient inhibitors can be pbi^a^d;;by 
mtroducmg a zinc^oprd^nating group on molecules able 
to recognize the enzyme's Si ~-S' 2 subsites (for: reviews, 
seerefs lO, 25, and;26) Potentahd selective inlnbitprs 
of APN belonging to the series of mercagtans have been 
designed, some of them exhibiting values in the 10 
nM range In the ca|e of APA, the best reported 
inhibitor, Glu thiol; 2 ? which has a K x value of 014 /M, 
is however equipotent on APN 'There is therefore a 
need for potent v specific mhibitors of APA- We have 
previously mtroduced various modifications m Glu-thiol, 
such as, for instance, replacement of its ahphafac side 
chain by phenyl or cyclohexyl moieties This led to 
increased selectivity but reduced afiinity for APA 30 
-In this study we Have mtrpduced new modifications 
fe^.thf ade phaan of ^Giu^.oi, ^M^^^k^^d^to 
.Weasejfo^ 'j^^M^tyfor 
^^;k^n^'^i^d^.^^^ V e subk^tS^afici- 
• ties' of .^e^enz^ 

was replaced by dtfier negatively charged groups- The 
results show '.that a selecti^^ ; factor forl^A around 100 
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'Inhibition of APA and APN by New fi-Amino Thiols 
Scheme 1. Synthesis of the Carboxylates* 
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COaH 
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a (a) .SOCl 2 , EtOH, A; (b) (BochO; <c).NaBH*; (d) PPh 3 , 
(iPrOOCN-)2, CHjGOSH; (e) 6 N HQ, A; <f) NaOH, I 2 ; (g) TFA; 
<h) NaOH. (i) H 2 NOtBu, DCC, HOBt, (j) BTFA/TFA. 

can be obtained in a compound, 22h, (S)-3-anuno-4- 
mercaptobutanesvdfonate, with an inhibitory potency of 
0.29^. 

Results 

Chemistry. The synthesis of the carboxylate-beanng 
compounds is summarized in Scheme 1 The starting 
materials were the commercially available 2-amino 
dicarbpxyhc acids, with or without protected side chains 
After esterification of the carboxylate(s) (lb-d) and 
protection of the a-amino group (2b~d), the next two 
steps were the selective reduction of the a-ester into an 
alcohol (3b--d) as previously described,?? using NaBH4 
in iJtOH or EtGH/THF solutions, and the replacement 
of the alcohol by a thioester using the Mitsunobu 
reaction 31 (4b~d) The resulting compounds were depro- 
tected, either directly by reHuxin£ with 6 N HC1 
(5b-c) or in two steps by saponification and isolation 
of the disulfide (6d,e), followed by TFA treatment (7d). 
Compound 37ni was synthesized in the same way using 
dimethyl iV-Boc-glutamate ais starting material, except 
that the reduction was extend**} to both esiter groups. 
The substitution of the two hydrpxyls of 3 5n by thio- 
acetyl grpups led to 36n, and the final deprotection by 
6 N HC1 gave the desired (impound The hydroxamate 
9e was obtained from the disidfide 6e by a coupling 
reaction with Q-te/^rbutymydroxylamine, arid compound 
8e .was then deprotected using a solution of boron tns- 
(^uoroacetate) (BTFA) The mel^yl-substituted com- 
pounds I&f,g ^er^obtafced tiirough reactipnsfsiinilar 
to those :desmbed for 7d, starting from trie Bbc-ammp 
diesters^lbfi^. • . ' * 

:The synthesis of the sulfonates 22hJ and the mal- 
onates 27j,k is described in Scheme 2. From the 
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Scheme 2. Synthesis of the Sulfonates and the 
Dicarboxylates 0 



R.NH. 



OH 



HClHjN 



15 hj 
n = 2,3 
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COjO 
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HOjC^^CO^ 



COjEI 



tBuO ; 



27 Ik 
m*1.2 



23U 



0 (a) SOCl 2 , EtOH, A; (b) (Boc^O; (c) Nal, acetone; (d> N a2 S03, 
dioxane/H 2 0; (e) NaBH<; (f) PPl^, (iPrN-^, CHaCOSH; <g) 6 N 
HQ1, A; (h) CHsCCOstBuh, NaH; (i) NaOH, I 2 ; (j) HC1, EtOAc. 

Scheme 3. Synthesis of the Phosphonates 0 

«| H ^ <CH*) n (Wr. 

28 m rv=3 




po^Ht po 3 b 2 

34m .R=3 31m ii=3 

. fl (a) AcNHCHCCOaEtfe, EtONa; (b) KOH; (c) xylene, A; (d) 
NaBH4; (e) PPha, (iPK)OCN-)2, CH3COSH; (f) 6 1M HC1, A. 

hydroxyl a-ainino acids ljSfh,i the esterificatipn in acidic 
conditions allowed the simultaneous substitutipn of the 
hydroxyl by a chloride to be performed (16b,i) After 
protection of the amino group (17h,i) and hahde ex- 
change by sodium iodide in acetone, a nucleophilic 
substatutaon of the hahde by Na 2 S03 or di tert-butyl 
malonate led to the Boc arnmo sulfonates 19h,i or.to 
the malp'na^ denyatiyea 2§j,k. ^e siibsequent steps 
of^e/^&e^^sir^ar/'to those djescribled in ^Scheme 
li . gave the corresponding jkmino thiols 22h4 and 
27i;fc '.; ' V?- ■ < • : - 

^em : e : 3,dep^ 

Malpnjate-s^iali^ bn>^pai^lph'c^hpz^te> 
fonowed by,mpni^ and de^r^xylation led 

to the amiho phpsphonoester^ 
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' Table 1. Inhibitory Potencies of Various ^-Amino Thiols for 
: AI?AandAPN fl 



Nb 



Formula 



APA APN 



MH, 



0.14 ± 0.06 0.12 + 0.02 

0.13 ± 0.08 0.33 ±0.05 

0.98 ±0.2 15.5 ±5.7 

U6 + 0.06 0.28 ±a01 



I4f 

Hg 

27k 

9e 
37n 

J} 22h 
22i 
341 

34m 



4.1 ±0.6 
0.87 ±0.4 



2.8 ± 0.3 



4.0 ±0.5 



3.5 ± 0.4 4.5 ± 0.4 

0.28 ±a04 0.60 ±0.04 

2.010.5 0.037 ±0.009 

2.4 ±0.6 0.032 ±01)04 
0.29±0.06 25±11 

0.3710.02 1.9 ±0.2 

OJ9±0.1 12 ±2 

0.51 ±0.03 3,7 ±0.4 



°The ,JSLi values are the mean ± SEM of three independent 
experiments performed in triplicate. 

steps described in Scheme 1, gave, the phosphono 
/^amino thiols 341^m. 

The. synthetic pathway, leading to v5-anuno thiols from 
optically pure a-amino acids, retains the chirahty of the 
starting material Nevertheless, this was verified in the 
synthesis of the sulfonates 22h,i which were obtained 
from the optically pure a-aminp >acids 15H4, as the 
introduction of the sulfonate moiety required a reflux 
in an aqueous solution of- Na2S03 which , might be 
resDonsible for a racemization ofthe asymmetnc c^bon. 
The truqester of the fully protected mtermediate 21h 
(see the Expenmental Section) was saponified under an 
inert atmosphere, and the free mercapto group obtained 
was denyatized using the? chiral acyl chloride (Sh 
phenyibutyryl chloride The resulting compound showed 
a single peai on HPLC, \ and a 2D NMR experiment 
cppfirme4 the presence of only one stereoisomer, 

Iiihibitpry Potencies. The result! ofthe inhibition 
of APA by the Glu-ithiol derivatives are summarized in 
Table 1 The extension of the lateral chain of this 
compound by one' methylene group (a, 5l>) led. to the 
same i^ibitip^^^^ that of the parent molecule. 

However, foeladditipn of another methylene (7d) gave 
a significant loss in affinity (Ki value = 1.6 jM). 
Inj^oductipn of a. methyl- at the end ofthe side chain . 
increased. the Kl by a factor of 12 for tte analog of Glu T 
thiol; lif and only by a factor of 6 for the analog of 



homoGlu-thiol 14g. Introduction of two carboxyl groups 
at the end of the side chain led to a 20-fold loss in 
affinity for 27j and to the same potency (0.28 pM) for 
27k when compared to their monosubstituted counter- 
parts. The hydroxamate 9e had a 15-fold lower potency 
than homoGlu-thiol 5b, whereas the dithiol 37n was 18 
times less active than 5b. The sulfonates 22h,i and the 
phosphonates 341,m had about the same activity as the 
corresponding carboxylates. For APN, there was a 
general loss in inhibitory potency when compared to 
Glu-thiol. Two exceptions were the hydroxamate 9e and 
the dithiol 37n, which were good inhibitors of APN with 
Ki values around 35 nM. Compounds 5b and 7d 
retained the same potency on APN as their Glu-thiol 
counterparts. 

Discussion 

APA is a selective enzyme, cleaving efficiently only 
N-terminal acidic residues. 3 When tested for aryl- 
amidase activity, it had a 4-5-fold preference for Glu- 
/3^naphthylamide oyer Asp-^riaphthylamide. 32 ' 35 This 
was the basis for the development ofthe APA inhibitor 
Glu-thiol, which was also shown to be 10-fold more 
active than Asp-thipl in n^bitmg APACKi values = 014 
arid 1.2 //M, respectively). 2 ? We have previously inves- 
tigated the active site of APA by modifymg the a-func- 
tipns of Glu-thiol and introducing a benzene ring; or a 
cyclohexyl in the side chain of the inhibitor ? 0 This 
shPwed that APA is characterized by relatively large 
catalytic and Sj subsites and. that the strength of 
enzyme mhibition by a compound bearing an aromatic 
side chain is dependent on the position of the carboxy- 
late group on the cycle. 

This -tame, in order to enhance the fit with the Si 
subsite of ?APA and the selectivity toward APN, we 
concentrated on two points in the inhibitor the deter- 
mination of$he optimal length of an aliphatic Pi moiety 



Gtothipl 5b has the same Ki valuefor APA as Glu-thiol 
a but shows a 3rfold loss of activity for APN, therefore 
leading to an mcrease m selectivity, without any change 
in affinity A further increase m side chain length, by 
the addition of a methylene Jroup in 7ii, results in a 
6-fold loss of inhibitory potency for APA (for best, 
enantiomer), while the K x value for APN is similar vto 
t^Jfoiin^ ofthe 
side; chain for APA recognition therefore/ to be 

three methylenes, as in homoGlu-thiol 5b. The intro- 
duction of substituents m the side ch^n of Glu-thiol and 
homoGlu-thiol gave some unexpected results. The 
presence of a methyl group in 14f or of a hydrophihc 
carbpxylate in 27j induced a large loss of potency on 
both enzymes. However, the presence of the same 
substituents in the side chain of homoGlu-thiol (com- 
pounds 14g and 27k) led to Querent results since the 
Ki values for APA were not significantly modified and 
an improvement in APN inhibition was restricted to 

1% ^- '.7* V ' l "'" 

These results seem to indicate that not only the length 
of the side chain but a precise disposition of the 
<^|Sxylate are mipoitant for.optirn^ 
.cpiifirinmg puf previous dafo.witfr sufc^ 
side cHams- 3 ^ -i"' ' : ^ • , 

Jhn^ermore, compounds ;27jji- were synthesized to 
test the Hypothesis of Danielsen et al^ that the calcium 
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ion widen activates APA could be positioned at the 
bottom of the Si subsite. Indeed, side chains bearing 
two carboxyl groups, such as in 27j,k, have already been 
shown to bind Ca 2+ with a good affinity in blood-clotting 
processes 35 and in calcium-binding proteins involved in 
mineralization. 36 However no increased inhibition of 
APA was observed with 27j Jk, which does not confirm 
the proposal of a Ca 2+ ion located within the Si subsite. 

The second part of this study was aimed at replacing 
the negatively charged carboxylate by other putatively 
deprotonated groups in the enzyme active site. When 
the carboxylate group of 5b was changed, in 37n, to a 
thiol or to an hydroxamate, in 9e, the inhibitory potency 
decreased 18-fold for APA and increased 10-fold for APN, 
giving new selective and potent APN inhibitors. Inter- 
estingly, 9e and 37n differ from 5b only by the strong 
decrease in the acidity of the thiol and hydroxamate 
groups which have replaced the carboxyl group. This 
suggests that a decrease in the pE* of the side chain 
component modifies the binding to both enzymes The 
side chain carboxylate was therefore replaced by a 
sulfonate or a phosphpnate, with the aim of enhancing 
APA specificity As expected, a selectivity factor around 
100 was obtained for 22h, together with a Ki value for 
APA (0 29 j^M) Very similar to that of Glu-thiol TKe 
same result was observed for 341, but its selectivity .was 
le$s pronounced (factor 31). It is mteresting to note that 
the increased selectivity of 22h and 341 is not due to 
an enhanced recognition of APA but to a loss of potency 
on APN. " • 

J Jhe addition of a methylene group m the side chains 
of • 22h and 341 led to compounds 22i and 34m which 
exlnbited smular inhibitory potencies toward APA but 
an improvement in APN active site recpgpition These 
data are in apparent conflict with the propyl being the 
be&s^e chain length, as detenmned with the carboxy- 
latencpntaining uihibitors This suggests that; due to 
the increase in size and the decrease in pK a of the 
phosphohate and sulfonate moieties as compared to the 
side cham carboxylate, these groups exert a more 
important repulsive 'interaction in the Si subsite of APN 
at the end of an ethyl rather than a propyl side chain. 

Taking into account the selectivity and affinity dis- 
played by 22h, this compound is, as far as we know, 
tlie best existing selective APA nihibitor It wiU> there- 
fore b^^interes^g^l to stadjrthe diverse biological 
roles of APA (for a review, see ref 5) 

In conclusion, the exploration of the Si subsite of APA 
presented here confirms our previous results, showing 
that the positioning of the negative group at the end of 
tlie side chain of a ^amino thiol inhibitor is critical for 
optimal enzyme recognition ^ Having reached a rea- 
sonable selectivity, the next step is now to increase 
afpini^yforAPA. One possibility could be to extend the 
occupation of the active site Preliminary work with di- 
and tripeptides, with the aim of developing pseudopep- 
tide inhibitors thlt would interact with the Si, Si', and 
Sj? subsites of AlPA^ is encoura^ng. 

Experimental Section 

; InJ^itoiy. Potency. Ammopeptidase A, purified from 
rabbit ludney,^hyarplyzed approximately 100 //mol mlrtlr 1 
of \ ^.the.r^bstrafe'. c£i>glutam^ (GluNA). 
GluNA (Km = 130.^M) was from Ba&ein (Bubendort Swit^ 
zerlahd); Amiriopeptidase N from hog kidney was ptircHased 
from Boehri^er Mabnheim (Meylan, France) and suspended 



in 3.2 M ammonium sulfate, 50 mM Tris buffer, pH 7.4. [ 3 H> 
Ty^-Le^-enkephalin (30 Ci/mmol) was from Amersham. The 
solutions of thiol inhibitors were prepared in 50 mM Iris 
buffer, pH 7.4, containing dithiothreitol (DTT, 100 equiv/equiv 
of inhibitor). Ki values were determined from ICsos, assuming 
a competitive inhibition, using the Chen— Prusoff relationship. 

Aminopeptidase A. The procedure of Goldbarg 37 was used 
with a downscale modification on a microplate. APA was 
incubated for 1 h at 37 *C, with or without increasing 
concentrations of inhibitors and with 200 ftb/i GluNA, in a total 
volume of 100 fiL in 50 mM Tris-HCl buffer, pH 7.4, with 4 
mM CaCl 2 . The reaction was stopped by adding 10 of 3 N 
HC1; 25 fiL of 87 mM (0.6%) NaN0 2 was then added to each 
well followed 3 min later by 50 fth of 0.13 M (1 .5%) ammonium 
sulfamate. After a further 5 min, 25 jaL of a 23 mM (0.6&) 
solution of iV-(l-naphthyl)ethylenediamine dihydrochloride in 
95% EtOH was added and the plate was incubated for 30 min 
at 37 °C. The absorbance was measured at 560 nm. 

Aminopeptidase N. APN was preincubated for 15 min at 
25 °C with or without increasing concentrations of inhibitors, 
in a total volume of 100 fih in 50 mM Tris-HCl buffer, pH 7.4. 
ffill^^I^^-enkephalin (Km .*= 50 >M) was added to a final 
concentration of 10 nM, and the reaction was stopped after 
15 mm by adding 10 #L of 0.5 M HCL The tritiated metabohte 
[ 3 HJftrr was separated on polystyrene beads as described by 
Vogel and Altsiein, 3 * and tie radioactivity was measured by 
liquid scintillation counting 

Chemistry. Ammo acids were obtained from Bachem 
(Bubendorf, Switzerland) Homoserme, homoglutamic acid, 
and all the other reagents were obtained from Aldnch (Saint 
Quentin Fallavier, Prance) unless otherwise stated The 
solvents were from Merck (Nogent sur Marne, France) 

Melting points of the crystallized compounds were measured 
on an electrothermal apparatus and are reported uncorrected 
Chromatography was earned out with Merck silica gel (230- 
400 mesh) TLC was jrarformed on precoated silica gel plates 
(6QF-254, 0 2 mm thick, Merck) with the foUowing solvent 
systems (v/v) Al, CH 2 Gl 2 MeQH, 9 i, A2, CH2a 2 ^eOH; 8 2; 
Bl, nrhexane EtOAc, 6 4 : B2, n-hexane EtOAc, 4 1; G, CHjr 
Cl 2 MeOHAcOH, 910 5, D, rcrhexane EtOActAcOH, 5 5 0 5; 
E, CHCI3 MeQH H 2 0;AcOH, 5 5 1 0.5, F, n-BuOH H 2 G AcOH, 
4 :2 2 Plates were develo vapor, or 

nmhydrm. Thepurity of the final compounds was also checked 
by HPLC using a silica column (Tbuzait & Matagnon, Yitry 
sur Seine, France) with eH 2 Cl 2 -MeGH-AcOH as solvent The 
eluted peaks were monitored at 236 nm. The stmct^Vbf&e 
compounds was confirmed by l H NMR speci^osebpy on a 
Bruker AC spe^meter (270 MHzX DMSO-cfe using HMDS 
• as intern^ reference, and satisfactory analyse 
o6t^e^(C,^ 

The foUowing aofe methanol; 
EtOH, ethanol; EtOAc, ethyl acetate; THF, tetrahyorofuran; 
Boc, tert butyloxycarbonyl, Boc 2 6, di-tert-bniyl mcarbonafe; 
EfeQ, diethyl ether, fiME, l,2rdimethoxyethane; DMF, 
ddmethyHoraah^ TFA, tnfluorbacetic acid' HOBti 1-hy- 
droxybenzotriazole; DGC, dicyclohexylcarbodiiraide; IDA, 
lithium dusopropylamide 

General Procedure for Protection of the Anuno^Group 
Procedure Al The ammo group was protected with a tert- 
bu tylo^carhohyl group" using the previously described method 
camedjput?in DMF 39 

(|ei^;]i^ Esterification of the Car- 

boxylate Group Procedure B= The methyl or ethyl esters 
were \prepareid m acidic conditions by the Fischer method 
(alcohol + SQGlz) \' 

General Procedures for the Reduction of the Ester 
F^mction. Procedure C.l, The Boc amino diester was 
dissolved m EtOH water .(11) (3 m^mmol), and NaBH 4 (1 
equiv) . m the same solvent was added drop wise at 0 °C After 
,15 'mm^tte^ml^ure was ; Eeated at 50 ?C'and\stu7«dtpr £+4 
h The EtQH was then evaj^rated and the resulting ^ solution 
extracted with EtOAc^ washed.with; brme : dried over Na£S0 4 , 
^nd- evaporated to dryness. '- ■] } ' ' •! ; * " : ' " 

^6ce6^e' : G^2. ' .%e ^.Boc-aminp diester (1 equiv) was 
dissolved in dry EtOH^HF (8 mL/mmbl) and cooled to 0 ?C. 
NaBH4 (4 equiv) and IiCl (4. equiv) in solution in the same 
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solvent were added dropwise at 0 °C. The' mixture was then 
allowed to warm to room temperature and stirred overnight 
The reaction was stopped with 1 N HC1, and the mixture was 
extracted, with EtOAc, washed with water, 1 N HC1, NaHC0 3 
and brine, dried over Na 2 S0 4 , and evaporated in vacuo. 

General Procedure for Substitution of the Hydroxyl 
Group. Procedure D: Thioacetylation via the Mit- 
sunobu Reaction, 31 Triphenylphosphine (2 equiv) was dis- 
solved, in dry THF (3.5 mL/mmol). At 0 °C; diisopropyl 
azodicarboxylate (2 equiv) was added and the mixture stirred 
for 30 min until a light yellow precipitate was formed. The 
alcohol (1 equiv) dissolved in THF (3 mlVmmol), and CH3- 
COSH (2 equiv) were added The temperature was allowed 
to rise slowly to room temperature while the mixture was 
stirred overnight After evaporation in vacuo, the residue was 
dissolved in EtOAc and washed successively with a 10% 
NaHCOa solution, H 2 0, and brine before being dried over Nasr 
SO4- After evaporation, n-hexane/EtOAc was adoed to the 
residue and the precipitate eliminated. The filtrate was 
evaporated and the residue purified by flash chromatography 
on a silica gel column, using n-tiexane EtOAc, 41, as eluent 
General Procedures for Deprotection Reactions. Pro- 
cedure £.1 Saponification of Esters and Thioesters. The 
product (1 equiv) was dissolved in its corresponding alcohol 
(EtOH or MeOH) (5 ml/mmol), and 1 NNaOH (2 5 equiv) was 
addend at v 0 °C The mixture was stirred for 30 min at 0 9 C 
and for 3 h at room temperature. A solution of l£ in EtOH 
was added until a persistant yellow color waS o^amed The 
excess iodine was reduced by Na^Os, and the solution was 
evaporated in vacuo. The residue was taken up in water 
acidified with 3NHG3, and extracted with EtOAc. The organic 
:-was^ then washed . with. : Na^Oi'- HiO-' and brihe^dried ■ 
°V§r.^^p^ : and evaporated to "dryness.- 
Pr^cejiure E.2 Deprotection of JV-Boc and ferf-Butyl 

^'^2Ste^-™J>!^61); -'A&soieXi%uiv;j and TE^iu^eiJmv) : 
were ^en^addied at^p^ AA«r the m^re had starred for 30 
m ¥l' a - 6 °^ an f* * or 2 h at room temperature, c-hexane was 
added to facilitate the evaporation of the TFA in vacuo. ' The 
^^H e tateh up witi 
three or four tames j • l-: 

Procedure E.3 General Deprotection by Relaxing in 
^£* v — e P^tect^as taken up in a large excess of6N 
HC1, and the mixture was heated at 130 °C and" stirred 
overnight The mixture Was then allowed to cool down, before 
^ing evaporated t» dryness. The residue was dissolved in 
H 2 0 and^reeyaiwrated. This process was repeated, thr^ 'or 
four:times to eliminate excels acid before ljrophjjization. 

ProeedureE»4 Deprotection by HC1 in EtOAc A 2.7 
N solution of HC1 m EtOAc (1 mlVmmol) was.added at 0 °C to 
tt^^pouhd-s^m 

stirred for 2 h at room temperature before evaporation to 
dryness . '.; - ." .. '- ; \v [■'■ v. . 

General Procedure for Halide Exchange. Procedure 
F. The Chlpro denwtive was added a s^ufion of dry Nal 
(2 equiv), m dry acetone (1 mL/mmol). The mixture was 
heated to reflux under a N2 atmosphere for 8 h. After cooling, 
^mxture was fUter^:off a^ the nitrate evaporated to 
gyriess; It was then taken up in EtOAc, washed with Na 2 - 
5°?; H 2 Q, and brine, dried oyer Na^S0 4 , and evaporated to 
dryness to yield the iodo derivative that was used without 
pUTificatiph, V : " f \ Y' 

^ e PMacal data ..of the compounds synthesized are 
summarized in Table 2. Additional data about the end 
products andspme t;iuiterme^^foUpw " 

(5T>) 0 ^(S>-2^Ainu^ esterified follo^mig proce- 

ss B and gave a white solid (100%), mp 118^119 °C,#/(A1) 
9 32 .The amino ^np of the diethyl ester obtained was 
protected ?bv. a Bat croSm 7m^i^r*V/i nru»A- „ . 
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0.1, * B 8.3 min; [ah 22 = +17.1° in H 2 0, c = 1.035; l B NMR 
(DMSO) 6 1.52 (m, 4 H, CH2CH2CH), 2.2 (t, 2 H, CH 2 CO) 2 70 
(m, 2 H, CHaS), 2.82 (d, 1H, SH), 3.15 (m, 1 H, CH), 8.15 (s, 3 
H, NH3 + ), 12 (s, 1 H, CO2H). Anal. (CeHxaNOaS-HCl) C, H, 

The enantiomers (S)-5b and (R)-5c were synthesized by the 
same pathway. They had the same physical constants ex- 

7-tert-Butyl 1-Ethyl 2(R^)-Aminopinielate (Id). 5-Bro- 
movaleric acid (9.49 g, 52 mmol) was esterified with isobuty- 
lene using the procedure described by Mokotoff 11 to obtain tert- 
butyl 5-bromopentanoate as a colorless oil, 11 64 e (94%) 
i?/(Bl)0.64. * ?! 9 

Allegation of terr-butyl 5-bromopentanoate (5 g, 21 mmol) 
was performed using the procedure described by Duhamel,' 12 * 3 
with ethyl(iphenylmethylene)glycinate and LDA. Purifica- 
tion by flash chromatography in n-hexane EtOAc (61) gave 
. 7-tert-butyl 1-ethyl 2^iV-(chphenylmethylene)ammofeimelate 
as a yellow oil, 1.964 g (26%), R{B2) 0.38. The iphehyUinine 
group of 7.fert-butyl l ethyl 2 Wdiphenylmethylene)amino> 
pimelate (1.93 g, 4.6 mmol) was cleaved using 1 N HGl ih 
Et 2 0 44 togive Id as a. yellow oil, 500 mg (42%), iJ/Al) 0.34 
7»7^thiobis(6(R,S) -aminoneptanbic acid)v Bis(tri. 

3^,2^H, C^CH^OH), 2.25 (t, 2 H, GH 2 GO), 3.0 (m, 2 H f 
«W (mi^ OH), 796 (s) 3iH/W) Aiial 
(eiiHj»N 2 OJS 2 -2TFA) G. H. N -• ■ ~ 



(Gi^NsO&^FA) C, H, N. ' 
6,6: : Dithipbis[5-Ar r Boc-(S)-i 



"77". r^.^ ^ ) ^anii n o ) Jh e^c a in e f t € j^t** 
TO^Mrl>oxamidel) (Be). At 0 °C, to a solution of 6e 
(368 nig, ; Q,7 mmol) in dry THF were added successively H2- 
N®u, HG1 ! (2 1 equiv), Et^'(2 2 equiv), HOBt, H 2 0 (2 equiv) 
ffi^^ ^ equiv) in GHCI3 (5 mL). The 

. -^^^S^-^^^^^^^t 0 °C, and then itwas aliowed 
. '^^^TP^-^^ra1^ overnight, ^ft ^was th¥ffgj|ru^i'- 
evaporated to dryness, taken up in EtOAc, and washed with 
rj 2 0, citrate 10%, NaHjGOa 10%; H 2 0, and brine. ""It was 
then dried oyer Na 2 S0 4 , filtered, and evaporated to dryness. 
: iP^^%n^y gel chr^ 
• %^-^^l^e^oU : ; ; ;v a 0 : ; 

6,^ r 0ithiobM[^(A^Boc-(S)raniino)hb 
carboxamide)] (9e). As described by Pless,^- at 0 °C under 
Ar/§e (140 mg, 0 21 mmol) was stirred TFA(0 5 mL) a 7 
mb of a solution of 1 MBTFA (Merck) in TEA was added 'The 
nuxture was stirred at 0 °C,for 2 h. It was then evaporated 
to dryness at room temperatiire; c-hexahe was added and tate 
nmtoejevaporated to dryness several times: , It led to 9e as 
a light pink sohd, lllB mg (97%) mp >260 P G, J2XF) ? 0 53 
mm CH2GI2 MeOH AcOH, 82:0 1, t R ^6 0 min, %'NMR 



, H '^ + X 10 09(s,lH,iyr7OH)! ^feH^S.m) 

Methyl 4-(Ar-Boc-(fi^-amino)^by 
ylpentanpate; (Hi). (2K^,47?^M-Methyl-N-Boc-g]utamic 
^:^^nyl ester was synthesized using the procediure 
desmbed:byDone 46 foUowed by esterificatioh (B) and amino 
protection (A) This compound, lOf (3 g, 8 mmol), was rediuce^ 
usmg procedure Cd fpDowed by purificatioh by fiash chroma- 
tography^m GH 2 G1 2 Me<DH (9 1) to afford lllf as a"yellow 'oil 

ii8;^(§6^),i2/M - ^ . . ' 

?^f>> ^(^iwroacetate) ,(14f)J, HPLC GH 2 C1 2 MeOH: 

-A^^8:^0Li;.-<B-;6:9;n^^^^ TFA) d 1-07 (d, 

SUtGHsm, i:56 and 1 97 (m, 2fl, GH^ 2 58 (m,l H^CH>>), • 



' XT^rj ' **• s- * ^isKi^y** oi-.-uie. a-escer was penormea oy 

^eo^e:G:l:;Aw^^ 

gA^iJ)'0:42. \The^o|cetyiati6 

i^^*^^^^ 1 ^ ( W); ^^i(Bi) 0 :56r Treabnent 
(procedure^ 

0:5^ : OTLC CH^l^MeOH^H^sSS: 



^equiv) andrNaH (16 equiv) in' dry DME were stuTed at 0 ?C 

^•94 : g, '10:8* mmol), :p;rei(ared -?ccb'ning;io the pr^dure of 
^^^y-et;^;,- 1 ?-^ tnen v neated 
to-re^.for:5^'anH^vai^ 

m EtOAc, washed;with^water:^ha brine; aried over M&64, 



OCIO: <XP I > 



Inhibition ofAPA and APN by New fi-Amino Thiols 
Table 2. Physical Constants of the Compounds Synthesized 0 
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quant 
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80 
81 
52 
91 
76 
61 
61 
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50 
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57. 
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82' 
80 
78 
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quant . 
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52 
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51 
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:.55- 
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86 
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oil 

45 

oil 

115 

oil 

oil 

oa 

oil 
oil 

oa 
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on 
99 
oa 
oa 
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oil 
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ba 
oa 
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oa 
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©a 
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oil 
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ba. 
oa 
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oil 
oil 
oil 
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0.71 (E) 
0.48 (Bl) 
0.42 (Al) 
0.56 (Bl) 
0.59 (B) 
0.64 (Bl) 
0.59 (Al) 
0.68 (Bl) 
0.63 (Bl) 
0 63 (Bl) 
0.63 (Bl) 
0.50(B1) 
044(D) 
0.20(E) 
049(A1) 
0.51:(B1) 
0.42(b) 
C38i(E) 
0.36 (Al) 
0:61 (Bl) 
0 61 (Bl) 
028(^2) 
0 12 (A2) 
0^20 (A2) 
0:i23(P) 
0.38 (Al) 
040:(B^2) 
0 3Z(B2) 
0 24 (A2) 
Q10(A2) 
0^2(A2) 
0 39:{F) 
6^63 (Bl) 
035(B1)~ 
0.60 (Bl) 
0.66 (Bl) 
0 41 (F) 
071 (Bl) 
6.25(3Bi) 
0:66 (Bl) 
0 73(B1) 
0 52^ 
0 58(C) 
0:24 6&t) 

o:48(Ai): 

0 26 CF) \ 
0 58 (Al) 
6.31(C) 
0:46l(Al) 
0 29^G) 
0.25;(Al). 
057(B1) 
0 77(E) 



' Methods and TLC systems are described iri the experimental section: * = R£: * See ref 51: ' See refe 52 and 53 d See ref 50 



and evaporated to dryness. Purification by flash chromatog- 
raphy -an c^h^xane EtGAc (91) gave (S) Uteri butyl Diethyl 
2XA/-^-animo)-5-methylhex^eneioate as a yeUow oU, 1 768 
g (46%), i?/0B2) 0 64' : ; . ' 



dioate (1 92^54 mmbi) was then ^plved m MepH s Pt/C 
was added as a catalyst, and the inixture was stirred under 
an atmosphere of hydrogen overnigfit. After filtration of the 
catalyst, the^reinainmgWlufaorijwas^evapp diyness : ^and 
gaveJ2S,5i? y S)-l^ert.butyl 6-ethyI 2-(^.BbcTajhino^5^methyl- 
adipate as a yeUow oUpl 6 g -<83%); i?XB2);0 r 64 ~": ■ '? '"' ' 
^^prptecboh of ^,^]^i^r^l>u%l Methyl 2dCM36c- 
ammp)^methyladi^&tl.6 outwith . 

pr^dure E;4: ^2S,5^^Kfe^aiyi? ^^-ainino^S^e^aSpa^ 



^^^^^^1 ?^^5-meth^lai 44 
mmol) wasvthen annno f protected (A)Vand purified by flash 
chromatography in CH 2 Cl2 MeOHiAcOH (9 0 3 0^5), giving 
^^^K^*M : 2^-^-amin a^'ai yellow 

cal,j9pQCmg(6^),^1^39 \ „ 

Rnally, (25^^6^thyl : 2^Bbc-ainino)-5-rnethyladipate 
(9WLiog, 3 mj^X;was ^^e^r^ed pricier basic coriitions via 
thecesiuihsalt of the acid^nd CH3I 48 into lOg as a yellow Oil 
796mgM%))Rfei)pA2 • : : " > . ' 

- 5t?^^^obM(5(^ 

8^1,5^5:8:^ 




1 H, CQOji). , ^lHGr«H^^2OTA) C/'h./N 
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Sodium 3(S)-Amino-4-mercaptobutanesulfonate (22h). 
By treatment with EtOH and SOCb, L-homoserine gave the 
intermediate 16h, which was esterified on the a-carboxylate 
and halogenated on the side chain, white solid (98%), mp 105- 
106 °C,i*/(Al) 0.36. 

After protection of the a-amine (procedure A, compound 
17h), the halide exchange was performed by procedure F, 
leading to 18h, white solid (80%), mp 49 °C, R{B1) 0.61. The 
sulfohation was carried out as previously reported, 51 giving a 
yellow solid, 19h (78%), jR/(A2) 0.28. The last steps of the 
synthesis, reduction of the a-ester (procedure C, compound 
20h), thioacetylation (procedure D, compound 21h), and 
deprotection (procedure E.3), gave the compound desired: 
white solid; mp >260 °C; i?/(F) 0:23; M 19 d - +11.1° in H 2 0, c 
= 2.145; HPLC CH 2 Cl2:MeOH:AcOH, 8:2:0.1, *r 5.1 min; >H 
NMR (DMSO + TFA) 6 1.84-2.14 (m, 2 H, CH 2 CB), 2.7 (m, 4 
H, CH2SH and CH2SO), 3.32 (m, 1 H, CH), 7.97 (bs, 3 H, 
NH 3 + ). Anal. (C^ioNNaOsSrHCl) C, H, N. ; 

(S)-ter*-Butyl 2-<^-Itoc-(S^ainino 
(15i). To a solution of Boc-l^W(GH)Ot£|u (5^5 g, 17 mmol) 
in dry DME were successively added under N z at -15 °C 
4-ethylmorpholine (1 equiv) and isobutyl chloroformate (1 
equiv). 49 After 5 min, the precipitate of 4-ethylmorpholine, 
HC1 was filtered: off and washed by DME. Filtrate and 
washings were combined in a large flask in an ice-salt bath. 
A solution of NaBi^ (lv5^^ui^^ 

After the solution was Stirred for 15 min at the same 
temperature, H 2 0 (425 ml) was added next. Evaporation to 
dryness and purification in hrhexane EtOAc } 6 4, gave 15i as 
a cploiless 4/78 : g{%%), ^1) 0^5, ^1) ;(^35: ; 

Sodium ; 4-An^o-5TOerc^ (22|). 
[cxPd ; = -02* in H 2 0, c = 0 619^HPLG CHiCh MeDHAcOH, 
8.201, ^ 4,2 mm X H NMR (DMSO + TFA) 6 1:74 (in, 4 H, 
CHzCHzGE), 2 64 (m, 2 H, CH2SO), 2 75 (m, 2 H, C/feSH), 
3 25>(m; I H, CH), 8 0 (bs, 3 H, NHa + ) Anal (C5H12- 
NNaOiSrHGl) C, Hi N. 

^(l^aiochloride) (27j):^ 

0 1, iB 5 ^ nun* Nft^(DMSO ¥ TFA) 6 2 25 and 2 48 (2 m, 
2 x 1 H, CHiGH), £78 and 2:85 (dd, 2 H, CH2S), 3.18 (m, 1H, 
CHy), 3 82 (in, 1 H, CHd), 8.12 (bs, 3 H, Wctf). Anal. 
(CilH2^2Q 8 S2-2HGl) C, H, N. 

6,6'-DitWoJ^ acid), 
Bis(hydrpclilbride) (27k). Tbe mt^rmediate 18h (described 
in tfie preparatibn of 22h) was treated with di-fert-butyl 
roalonate and NaH, leading to 23k, The reduction of the 
a-ester (procedure C.2) gave 24k as an oOy product: (86%), 
JfyfiBl) 0 25 ".Thei^oai^ 
product (5^^ 

(procedure E l) and the deprotection of the *er*-butyl groups 
(pr^dureE:4) gav 

124 °C,Rm0 52: HPLC CH2CI2 MeOH-AcOH, 7J52-5 0 1/tR 
8:3: min; rl H NMR (DMSO 4- TFA) 6 1.63 and 2. 02 (m, 4 H, 
CH<>CH 2 CHl 3 04 (m, 2 H. QH 2 S), 3 29 (t, 1 H, CHd), 3 42 (m, 

1 H, CHct), 8.09 (bs, 3 H, NH3 + ). Anal. (Cx^NaQsS^HCl) 
G,h;n! \,* r-^ ^v^-" •V r '^\' Vv '. ;.->. " 

Ethyi2-CM Acetyl (R^r^ 
butanoate (311). diethyl (2-bromqethyl^ 
100 mmol) was. -alkylated ' us^^e 'prp^dure ;^ escrjbed by 4 
Chambers 60 with .diethyl acet^midbmalon ate 311 was recov- 
ered decarboxylated m the aqueous phase as a yellow oil, 27 - 
g (86%) (&e yield is calcu^ 

fl/CC) 0 58 NMR data showed the piquet Ibad undergone 
decarboxylation 

Sotaim 3(R^ 
(M)^OTLC:GH2^ t* 4J2 min; »H NMR 

(DMSO + TFA) o 1 53-1 94 (m, 4 H, CH2CH2), 2 7 (m, 2H, 
CK^); 3i25 (m, lH^CH), 7.97 (bs, 3 :H; ?IT&?).*: Anal. (C&ir 
NO3P&HCI) C, H, N. X 
. : So&um 4(R>S)-Xmto 

*H T^TDMSO : * TPfo d l£i (m^H, CHaCHiCHa), 2.72 
(m^2 ! H/GH2S); 3'22 (i£, l H, CH);.7.95.(sV3^ ;: ^).. AnaL 
(CsHiiNO^^OA'H, N.. '>i ■•• * " " : V.."*"" ' 

2(^-Amiiio^ibuie-l>5^^ Hydrochloride (37n). 
The reduction of both ester fun'efions of ^^Boc^lu(OCH3)OCH3 
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by procedure C.2 led to the diol 35n, oily product (86%), R{Al) 
0 25. The thioacetylation (procedure D) gave the intermediate 
36n as a white solid (27%), mp 76 P C, R/(B1) 0.57. The 
deprotection of the three functional groups by procedure E.3 
gave the titled compound as an oily product (98%): i?/(E) 0.77; 
HPLC CH 2 Cl 2 :MeOH'AcOH, 8:2:0.1, t R 11.6 rain; J H NMR 
(CDCI3) 6 1.46 (t, 1 H t SH) t 1.64 and 2.05 (m, 4 H, CHzCHzCU), 
1.97 (t, 1 H, SH), 2.52 (m, 2 H, CH2CH2SH), 2.88 (m, 2 H, 
CHCffcSH), 3.4 (m, 1 H, CH), 8.43 (bs, 3 H, rW). Anal. 
(CiHuNSrHCl) C, H, N. 

Verification of the Optical Purity of Compound 22h. 
Saponification under N 2 of compound 21h by degassed aqueous 
NaOH (1.1 equiv) yielded its sodium salt, Boc-NHCH(CH 2 CH2- 
SOaNaX^H^Na. This compound was condensed with (S)- 
phenylbutyric acid chloride, obtained from 2(S>phenylbutyric 
acid treated by SOCI2 in refluxing CH 2 C1 2 . The resulting 
phenylbutyryl thioester was checked on HPLC, showing a 
single peak (kromasil C8, 5 fiiti, 100 A, A = H2O-TFA 0.05%, 
B = CH3CN, * R 15.8 min, gradient 30%-60% B in 15 min), 
and a NMR TOXY e^rimeht Was carried out, confirming the 
presence of only one stereoisomer, which was therefore as- 
sumed to be the S isomer. 
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